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  National assessments have led many to conclude that the level of ecological literacy 
among the general population in the United States is too low to enable effective social 
responses to current environmental challenges.  However, the actual meaning of 
ecological literacy varies considerably between academic fields and has been a topic of 
intensive deliberation for several decades.  Within the field of ecology in particular, a 
driving purpose behind this ongoing discussion has been to advance a complete, 
pedagogy-guiding, and broadly applicable framework for ecological literacy, allowing for 
the establishment of guidelines and tools for assessing educational achievement; yet, a 
widely accepted framework does not currently exist.  What is ecological literacy and how 
can it be achieved?  Through an extensive review of the literature, I traced the evolution 
of the related concepts of environmental literacy, ecological literacy, and ecoliteracy, and 
compared and contrasted the numerous proposed frameworks across multiple dimensions 
of affect, knowledge, skills, and behavior.  In addition to characterizing the overall 
discourse, this analysis facilitated close examination of where we have been, where we 
are, and where we might be headed with respect to these vital conversations.  To explore 
current perspectives on the topic, I analyzed the open-ended responses of more than 
1,000 ecologists and other environmental scientists on the nature of ecological literacy 
and how it may be achieved.  Factor analysis revealed the presence of six common 
dimensions underlying respondents‟ views of ecological literacy (cycles and webs, 
ecosystem services, negative human impacts, critical thinking/application, nature of 
ecological science, and biogeography) and five common dimensions for how to achieve it 
(education by mass media, formal/traditional education, financial incentive, 
participatory/interactive education, and communication/outreach by scientists).  Based on 
these results, I proposed a framework for ecological literacy that, ideally, will provide 
guidance for the development of updated ecology curricula and assessment tools, a 
foundation for discussion of alignment between K-12 and higher education, and a 
mechanism for creating greater synergy between formal and informal learning 
environments.  Further, to assess the impacts of innovative graduate programs designed 
to train ecologists in promoting ecological literacy, I analyzed pre- and post-fellowship 
surveys completed by participants in an ecologically focused K-12 outreach program at 
The University of Montana, as well as the broader impacts of a set of similar programs 
across the country.  These highly beneficial programs are urgently needed to ensure that 
future leaders of the scientific enterprise are well-equipped with the tools to effectively 
communicate their science with diverse audiences well beyond their scientific peers.  
Indeed, ecologists and other natural and social scientists who study the environment have 
multiple roles to play in promoting a modern vision of ecological literacy in society 
today. 
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CHAPTER 1.  Introduction 
 Earth‟s ecological systems provide countless benefits to human societies, including water 
filtration, soil stabilization, pollination, and the buffering of vector-transmitted disease 
outbreaks; services that are in most cases irreplaceable or prohibitively expensive to replace with 
technology (Palmer et al., 2004a).  Yet, it is widely recognized that humans are integrated with 
and have fundamentally altered nearly all ecosystems on Earth, either directly or indirectly, as a 
result of their activities.  Over 75% of ice-free land shows evidence of human alteration, through 
residence and/or land use (Ellis & Ramankutty, 2008) while polar and arid lands, which are least 
modified by humans directly, are disproportionately altered by climate change 
(Intergovernmental Panel on Climate Change, 2007).  Over the next 50 to 100 years, as the 
human population continues to increase from 6 billion to a projected 8-11 billion (Lutz, 2001), 
the maintenance of these vital systems will become increasingly critical, and challenging. 
 To maintain Earth‟s life support systems while meeting human needs, current and future 
citizens must be prepared to make sound decisions about the environment at all levels- from 
local to global.  These decisions range from simple, everyday lifestyle choices to major decisions 
about environmental management, development, restoration, and regulation (Palmer, 2004b).  To 
make these decisions, people must be equipped with the tools of environmental citizenship, 
including the knowledge, skills and attitudes needed to identify their values and goals with 
respect to the environment and to act accordingly, based on the best knowledge of choices and 
consequences (Berkwitz, Ford, & Brewer, 2005).  A citizenry that is able and willing to apply 
science to environmental issues is essential if we are to make decisions and create policies that 
will uphold the vital ecosystems that sustain us.   
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 An integral component of environmental citizenship is ecological understanding, or a 
working knowledge of key ecological concepts and the process of ecological science (Berkowitz 
et al., 2005).  As stakeholders in their environment and the environment of future generations, 
individuals must understand the links between ecosystems and human welfare, as well as the 
scientific evidence and potential risks that factor into the environmental decision-making 
process.  While numerous factors contribute to societal action, or inaction, with respect to 
environmental issues (reviewed by Groffman et al., 2010), ecological understanding is essential 
for public support of and/or involvement in sound environmental decisions, in addition to myriad 
political, economic, cultural, and spiritual considerations.   
 However, national assessments have suggested that the American public is not well-
versed in science in general, or ecology, in particular.  Miller (2002) found that fewer than 20% 
of Americans possessed the level of vocabulary and process understanding required to read a 
scientific article in a major newspaper, understand a science-based television program, or 
comprehend a popular science book.  Similarly, based on ten years of nationwide survey 
research, Coyle (2005) reported that the average American, regardless of age, income, or level of 
education, mostly failed to grasp the basic facts (e.g., common sources of pollution) and 
ecological concepts and science (e.g., water flow patterns, energy generation, cause-and-effect 
relationships) underlying many of the major environmental subjects discussed in the media.  
Furthermore, a recent poll (Pew Research Center for People and the Press, 2009), indicated that 
only 49% of U.S. residents agree that the Earth is getting warmer because of human activity, and 
only 32% agree that humans and other living things have evolved due to natural processes.  In 
international science assessments, American students performed less well than students from 
many European and Asian countries (Gonzales et al., 2000), and their performance on the 
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ecology portions of national science assessments has been poor (Institute of Education Science, 
2006).  These and other studies have led many to conclude that the level of ecological literacy 
among the general population in the U.S. is too low to enable effective social responses to 
current problems (e.g., Miller, 2002; Coyle, 2005; Jordan et al., 2009, Groffman et al., 2010).   
 
Defining Ecological Literacy: A Vital Challenge 
 While national assessments and numerous other studies point to low levels of ecological 
literacy in the American public, the actual meaning of ecological literacy varies considerably 
between academic fields.  Explicitly defining and delineating the essential components of 
ecological literacy has been a topic of intensive deliberation for several decades, sometimes with 
blurred lines of distinction between notions of environmental literacy (emphasizing affective 
traits and environmental issues resolution; e.g., Hungerford et al., 1994; NAAEE, 2004), 
ecological literacy (accentuating conceptual knowledge and scientific inquiry skills; e.g., 
Berkowitz et al., 2005; Jordan et al., 2009), and ecoliteracy (highlighting metaphysical 
knowledge regarding self and spirituality, and the creation of sustainable human societies; e.g., 
Orr, 1992; Capra, 2002) (reviewed in Chapter 2).  Many scholars (e.g., Disinger & Roth, 1992; 
Roth, 1992; Stables & Bishop, 2001; Payne, 2005, 2006) have argued that these terms have been 
used, often interchangeably, in so many different ways, and/or are so all-encompassing that they 
have very little useful meaning.  However, despite the widespread, and at times, indiscriminate, 
use of these terms, tremendous efforts have been made across many academic fields to move 
toward establishing the definitions and essential components of these types of literacies, and to 
firmly anchor their conceptualizations in broad theoretical and philosophical frameworks.  
Within the field of ecology, in particular, scholars have proposed numerous alternate frameworks 
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for ecological literacy (Risser, 1986; Klemow, 1991; Berkowitz, 1997; Berkowitz et al., 2005; 
Jordan et al., 2009); yet, a widely accepted framework does not currently exist (Knapp & 
D‟Avanzo, 2010). 
 A driving purpose behind this ongoing conversation in ecology has been to advance a 
complete, pedagogy-guiding, and broadly applicable framework for ecological literacy, allowing 
for the establishment of guidelines and tools for assessing educational achievement.  Situated in 
an era of increasingly multifaceted environmental challenges (e.g., Palmer et al., 2004a, NRC 
2009), ecology is a dynamic and complex field, comprising the study of a tremendous number of 
species and their interactions, and the spatial and temporal complexity of the physical 
environment within which these interactions occur.  As such, identifying and agreeing upon the 
essential knowledge, skills, and/or other attributes of an ecologically literate individual is an 
inherently difficult task.  This requires striking a number of delicate balances: identifying the 
factual knowledge necessary to promote scientific understanding without generating an infinite 
laundry list of concepts, acknowledging what has been historically significant in ecology while 
pointing to current key research and the implications it may have for the future, and articulating 
key higher order thinking and application skills while maintaining relevance to everyday life, to 
name a few.  A broadly applicable framework for ecological literacy could provide guidance for 
the development of up-to-date ecology curricula and assessment tools, a foundation for 
discussion of alignment between K-12 and higher education, and a mechanism for creating 
greater synergy between formal and informal learning environments.  Additionally, such a 
framework could provide the basis for the development of educational standards articulating the 
core ideas and skills to be developed at each grade level, and examples of performance 
expectations and assessments appropriate to varied types of programs.    
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The Need for Ecologists’ Input and Participation 
  Given the complexity of the field of ecology and the rate at which global environmental 
change is occurring, ecologists must participate in elucidating the core principles underpinning 
ecological patterns and processes, and the skills necessary to grasp and apply them, in a manner 
that fosters greater understanding of our planet (Risser, 1986; Klemow, 1991; Berkowitz, 1997; 
Berkowitz et al., 2005; Jordan et al., 2009; Knapp & D‟Avanzo, 2010).  Ecologists and other 
environmental scientists are in an excellent position to provide the ecology and natural history 
knowledge needed to inform ecological literacy, and to provide current information as the body 
of knowledge evolves and changes.  Also, because many are themselves active educators in some 
capacity or another (e.g., with undergraduate and graduate students, and/or in their work with 
landowners, policy-makers, diverse stakeholders) environmental scientists can offer valuable 
insights into how key ideas in their field are most clearly represented, how they are linked, and 
how they can be thought about and translated for different audiences (Berkowitz et al., 2005; 
Knapp & D‟Avanzo, 2010).  Therefore, the content and pedagogy built into a framework for 
ecological literacy, along with the corresponding standards and assessments, should be informed 
by their knowledge and expertise.  
 In addition to contributing to a broadly applicable framework for ecological literacy, the 
participation of ecologists is essential for integrating such a framework into education theory, 
research, and practice, and for promoting ecological literacy in the general public.  There is 
simply not enough time to wait for scientists‟ knowledge to “trickle down” to students and the 
public through the filters of textbooks and other media; rather, scientists must be actively 
involved in translating the process, knowledge, and significance of their disciplines in a way that 
learners can understand (Brewer, 2001).  Ecologists and other environmental scientists must take 
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an active role in assuring that their science is sufficiently well-taught by educators (e.g., by 
collaborating with educators both in and out of the classroom and participating in teacher 
training), and/or that they are themselves providing strong, positive models of excellent 
education practice in their own classrooms (Berkowitz et al., 2005; Knapp & D‟Avanzo, 2010; 
Brewer et al., 2011).  To do so, ecologists must apply insights from education and social science 
research on how people learn ecology, and the conditions under which learning can be enhanced.  
The National Research Council (2000, 2001) emphasizes the vital importance of aligning what 
we teach and what we expect others to learn with measures of learners‟ performance.  Based on 
these reports and other most advanced research to date, numerous recommendations for aligning 
teaching, learning, and assessment in science, and in ecology in particular, have recently been 
proposed (for an extensive review, see Brewer et al., 2011).  
 The need for ecologists‟ participation in advancing ecological literacy extends well 
beyond the classroom.  Many feel that the demand for renewed efforts at the interface between 
ecological science and society in general has reached a critical stage (e.g., Lubchenco, 1998; 
Moser and Dilling, 2004; Palmer et al., 2004a, b; Jordan et al., 2009; Groffman et al., 2010).  To 
communicate more effectively with scientists from other disciplines and with policymakers, land 
managers, and various public groups, ecologists need to adopt new models of engagement, use 
new communication tools, and frame their results in ways that are more meaningful to these 
audiences (Groffman et al., 2010; Pace et al., 2010).  For example, just as “translational 
medicine” is used to connect patients to new basic research, “translational ecology” should 
connect end-users of environmental science to field research, requiring constant two-way 
communication between stakeholders and scientists (Schlesinger, 2010).  Clearly, efforts to 
promote ecological literacy must be truly interdisciplinary, bringing together ecologists and other 
7 
 
environmental scientists in collaboration with formal and informal educators, social scientists, 
communication experts, and media professionals.  Not only can such diverse expertise offer 
invaluable insights and contributions with respect to the enrichment of educational standards, 
curricula, and assessments, it can aid in the development, implementation, and dissemination of 
formative and evaluative research, the production of state-of-the-art media presentations, and the 
design of new public engagement initiatives aimed at promoting ecological literacy.  Indeed, 
ecologists and other natural and social scientists who study the environment have multiple roles 
to play in defining and promoting a modern vision of ecological literacy in society today. 
   
Research Objectives 
 What comprises basic ecological literacy?  What should every person know or be able to 
do to be considered ecologically literate?  Further, how can ecological literacy be promoted and 
assessed?  In short, What is ecological literacy and how can it be achieved?  Addressing this 
question represents the overarching objective of my research.  More specifically, my objectives 
were: 1) to investigate what is meant by ecological literacy and how we have arrived at our most 
recent understandings; 2) to explore current ecologists‟ perspectives on the nature of ecological 
literacy and how it can be achieved, 3) to determine whether and how ecologists‟ perspectives 
may relate to their academic and professional training and experience; 4) to identify a framework 
and vision for ecological literacy based on these ecologists‟ perspectives; 5) to assess the impacts 
of innovative programs designed to train ecologists in promoting ecological literacy; and 6) to 
offer an example of how ecologists can be engaged in promoting ecological literacy in young 
people. 
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Research Significance 
 Many others have deeply explored the evolution and scope of the ecological literacy 
concept (e.g., Golley, 1998; Palmer, 1998; Keiny, 2002; Slobodkin, 2003; Uhl, 2003; Johnson & 
Mappin, 2009).  Yet, to my knowledge, my research is unique in its attempt to illuminate, in a 
methodical and explicit manner, the enormous number and diversity of organizing frameworks 
for environmental literacy, ecological literacy, and ecoliteracy as advanced within the fields of 
environmental education, ecology, and the broader humanities, respectively.  The resulting 
classification facilitates close examination of where we have been, where we are, and where we 
might be headed with respect to these vital conversations, and celebrates the thoughtful and 
creative contributions of the scores of participants (Chapter 2).  I hope that this analysis of the 
ecological literacy landscape, in particular, will lead current and future efforts to build upon this 
tremendous foundation of existing scholarship, and will stimulate continued discourse and 
critical analysis. 
 The focus of this research is the articulation of a vision for ecological literacy that reflects 
the collective view of an exceptionally large number of ecologists and other environmental 
experts (over 1,000 participants representing the Ecological Society of America).  A similarly 
large-scale survey of ecologists (600 participants representing the British Ecological Society) 
resulted in a list of the twenty “most important” concepts in ecology (Cherrett, 1989).  Yet, 
unlike Cherrett‟s (1989) survey, which provided participants with a list of concepts to be ranked 
in order of their relative importance, the survey used in this research is completely open-ended.  
Further, the analysis of the results of this survey is not limited to a simple tallying of the most 
common concepts and ideas mentioned by respondents, e.g., arranged into logical outlines of 
categories based on top-down, deductivist criteria.  Rather, in addition to considering the most 
9 
 
pervasive and cross-cutting ideas, I explored the underlying themes or dimensions that organized 
and linked the ideas, as suggested by correlations within the data.  I identified a conceptual 
framework and vision for ecological literacy that was emergent from empirical dimensions 
within the data, in contrast to imposing my own structure upon it, and explored how these 
dimensions were differently emphasized by different groups of respondents (Chapters 3, 4).  As 
such, the framework for ecological literacy advanced by this research represents, empirically, 
numerous environmental experts‟ collective view while accounting for diversity in their 
perspectives, characteristics that make it unique among the many frameworks for environmental 
literacy, ecological literacy, and ecoliteracy advanced to date. 
 Important opportunities arising from this work are to inform the development of up-to-
date ecology curricula and assessment tools, to provide a foundation for discussion of alignment 
between K-12 and higher education, and to offer a mechanism for creating greater synergy 
between formal and informal learning environments.  Based on the collective input of more than 
1,000 ecologists and other environmental experts, this framework can serve as a catalyst for 
renewed conversations about curricular evaluation and revision in ecology at all levels and in 
diverse settings, as a collaborative effort among environmental and social scientists, educators, 
and education researchers.  In particular, it can serve as an important resource for the 
development of educational standards articulating the core ideas and skills to be developed at 
each grade level, and the elaboration of performance expectations and assessments appropriate to 
varied types of programs.  Certainly, the usefulness of any proposed framework depends on its 
potential to be adapted to meet the local needs and resources of varied formal and informal 
education settings.  Perhaps most importantly, future efforts based on this framework can focus 
on local environments, emphasizing the actual connections and service-providing ecosystems 
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that directly tie learners their environment (e.g., through the development of new kinds of 
education materials and support resources that either replace or complement standardized 
textbooks and curricula with localized materials). 
 How do we train the next generation of scientists to effectively cultivate ecological 
literacy?  Over the last decade in particular, new models for scientific training have been 
emerging for scientists at all stages of their careers.  These models place greater emphasis on 
training scientists to participate on interdisciplinary research teams, work at science-policy and 
science-management interfaces, and communicate clearly and succinctly to diverse audiences in 
a variety of formats.  Being able to understand, contribute to, and excel in a wide variety of 
fields, and to communicate effectively with a diversity of media comprise the attributes of what 
may be considered the new “Renaissance scientist.”  However, despite the large and growing 
number of innovative graduate programs designed to enhance the teaching and communication 
skills of ecologists and other environmental scientists, relatively few published studies 
documenting these programs‟ impacts are currently available.  In particular, there is a dearth of 
systematically collected and analyzed evidence evaluating these programs.  I addressed this 
challenge by assessing the impacts of an ecologically focused GK-12 program at The University 
of Montana, as well as the broader impacts of a set of other environmental science oriented GK-
12 programs in the USA.  As such, this research represents a significant contribution to the 
literature in support of new models of graduate education designed to prepare ecologists to meet 
the challenges of the 21st century (Chapter 5).   
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Overview of Dissertation 
 CHAPTER 2.  Environmental literacy, ecological literacy, ecoliteracy: what do we mean 
and how did we get here? 
o Objective: to investigate what is meant by ecological literacy and how we have 
arrived at our most recent understandings. 
 In this chapter, I trace the evolution of the concepts of environmental literacy, ecological 
literacy, and ecoliteracy, and review a diversity of perspectives related to the often nuanced 
differences and similarities of these terms.  I classify the numerous proposed frameworks for 
environmental literacy, ecological literacy, and ecoliteracy (as advanced within the fields of 
environmental education, ecology, and the broader humanities, respectively) and compare and 
contrast these frameworks across multiple dimensions of affect, knowledge, skills, and behavior.  
In addition to characterizing the overall discourse, this analysis offers points of reference for 
continued discussion, and illuminates a diversity of inspiration sources for developing and/or 
enriching programs aimed at cultivating these types of literacies. 
 
 CHAPTER 3.  Analytical framework for a large-scale, open-ended survey on ecological 
literacy. 
o Objectives: to explore current ecologists‟ perspectives on the nature of ecological 
literacy and how it can be achieved, and to determine whether and how ecologists‟ 
perspectives may relate to their academic and professional training and experience. 
 In this chapter, I describe the factor analysis strategy I used for exploring and 
characterizing the open-ended responses of more than 1,000 ecologists and other environmental 
scientists on the nature of ecological literacy and how it can be achieved.  I also describe the 
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cluster analysis strategy I used to group individuals based on similarities in their responses, and 
the cluster profiling strategy I used to determine whether these groups varied significantly from 
each other with respect to five demographic variables, including highest degree, decade of 
highest degree, field of highest degree, current position title, and current field/ecological 
specialty.  I explain my rationale for choosing each multivariate technique, and set the analytical 
decision tree in the context of the literature.   
 
 CHAPTER 4.  An empirically-based framework for ecological literacy. 
o Objective: to identify a framework and vision for ecological literacy based on current 
ecologists‟ perspectives. 
 In this chapter, I present the common dimensions underlying ecologists‟ perspectives on 
the nature of ecological literacy and how it can be achieved, which I identified using the factor 
analysis strategy described in Chapter 3.  I also present the results of the cluster analysis and 
cluster profiling strategies described in Chapter 3.  Based on these results, I propose and discuss 
a new framework for ecological literacy and a set of recommendations for achieving it.  In 
particular, I discuss how efforts to advance this vision of ecological literacy must be truly 
interdisciplinary, bringing together ecologists and other environmental scientists in collaboration 
with formal and informal educators, social scientists, communication experts, and media 
professionals. 
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 CHAPTER 5.  Training the next generation of Renaissance scientists: the GK-12 Ecologists, 
Educators, and Schools program at The University of Montana. 
o Objective: to assess the impacts of innovative programs designed to train ecologists in 
promoting ecological literacy. 
 In this chapter, I present and discuss the results of my assessment of an ecologically 
focused GK-12 program at The University of Montana, as well as the broader impacts of a set of 
other environmental science oriented GK-12 programs in the USA.  I compared graduate 
fellows‟ pre- and post-fellowship ratings of their levels of skill or experience with a series of 
teaching, research, and communication skills and analyzed their responses to open-ended 
questions about their expectations of and experiences in the program at UM.  I also compared 
fellows‟ and advisors‟ perceptions of the degree to which a series of research, public 
communication, and teaching skills were emphasized in their graduate programs at nine 
universities including UM, and examined how these skills aligned with fellows‟ career goals.  
This article was accepted for publication on February 2
nd
, 2011, in the journal Bioscience. 
 
 CHAPTER 6.  Nature‟s Palette: a colorful introduction to ecological inquiry. 
o Objective: to offer an example of how ecologists can be engaged in promoting 
ecological literacy in young people. 
 In this chapter, I present an article written as part of the requirements of my fellowship in 
The University of Montana GK-12 Program, ECOS: Ecologists, Educators, and Schools.  The 
article describes an outdoor inquiry-based activity that I designed and conducted with 
kindergarten- through fourth-grade students as a means of introducing them to the scientific 
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process and to the exciting potential of their schoolyard as an ecological laboratory.  This article 
was accepted for publication on October 22
nd
, 2009, in the journal Science & Children. 
 
 CHAPTER 7.   A “top ten” list of recommendations for continued efforts in defining and 
promoting ecological literacy. 
o Objective: to summarize my key results and offer recommendations for future efforts. 
 In this final chapter, I offer a list of my top ten recommendations, based on my research 
findings, for continued efforts in defining and promoting ecological literacy. 
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CHAPTER 2.  
Environmental literacy, ecological literacy, ecoliteracy: what do we mean and how did we get 
here? 
Abstract 
 Numerous scholars have argued that the terms environmental literacy, ecological literacy, 
and ecoliteracy have been used in so many different ways and/or are so all-encompassing that 
they have very little useful meaning (e.g., Disinger, 1992; Roth, 1992; Stables & Bishop, 2001; 
Payne, 2005, 2006).  However, despite the seemingly arbitrary and, at times, indiscriminate use 
of these terms, tremendous efforts have in fact been made to explicitly define and delineate the 
essential components of environmental literacy, ecological literacy, and ecoliteracy, and to 
firmly anchor their conceptualizations in deep theoretical and philosophical foundations.  A 
driving purpose behind these ongoing conversations has been to advance complete, pedagogy-
guiding, and broadly applicable frameworks for these ideals, allowing for standards and 
assessments of educational achievement to be set.  In this chapter, I review a diversity of 
perspectives related to the often nuanced differences and similarities of these terms. A 
classification of the numerous proposed frameworks for environmental literacy, ecological 
literacy, and ecoliteracy (advanced within the fields of environmental education, ecology, and 
the broader humanities, respectively) is presented, and used to compare and contrast frameworks 
across multiple dimensions of affect, knowledge, skills, and behavior.  This analysis facilitates 
close examination of where we have been, where we are, and where we might be headed with 
respect to these vital conversations. This work also offers points of reference for continued 
critical discourse, and illuminates a diversity of inspiration sources for developing and/or 
enriching programs aimed at cultivating these types of literacies. 
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What is Literacy? 
 Until the late 1800s, the word literacy did not exist.  In fact, according to the Oxford 
English Dictionary, the word literacy was predated by the word illiteracy by several hundred 
years (Venezky, Kaestle, & Sum, 1987).  Although the original term literacy referred only to the 
ability to read and write, its usage has since been extended greatly in scope, beginning during the 
Industrial Revolution.  Emerging in Britain in the late 18th century and then spreading 
throughout Western Europe and North America, the Industrial Revolution was a period of rapid 
industrial growth via the introduction and advancement of machinery, with far-reaching social 
and economic consequences.  During this era, mandatory and widespread elementary public 
education grew to resemble its present magnitude.  Although the precise relationship between 
industrialization and the rise of public education is difficult to establish, there are nevertheless 
strong correspondences between the two (Carl, 2009).  Gains in income and wealth during the 
industrial age made possible larger public expenditures for the welfare of the general population, 
in the form of schools and teaching resources.  A focus on the three Rs, reading, writing, 
arithmetic, was seen as essential for preparing a work force that could understand basic 
instructions, engage in rudimentary written communication, and perform simple office functions, 
thereby creating the most skilled mass workforce in the world.  Additionally, through the 
cultivation of the western cultural perspective emphasizing rational individuals and 
egalitarianism, public education promoted a sense of national unity and success (Carl, 2009).  In 
the years following the Civil War, the ability to read and write was used to determine whether 
one had the right to vote.  Thus, like other abstract nouns such as freedom, justice, and equality, 
literacy came to denote a value that was promoted throughout the population of the United 
States.  Government officials, industrial leaders, and educators all began to see illiteracy as a 
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social ill and literacy as something to be advanced for the benefit of society as a whole (Michaels 
& O‟Connor, 1990; Carl, 2009).  
 Current dictionaries (e.g., Merriam Webster, Oxford English Dictionary) generally 
provide two definitions of literacy: 1) the ability to read and write, and 2) knowledge or 
capability in a particular field or fields. Today‟s broader understanding and application of 
literacy has essentially arisen from the latter interpretation (Roth, 1992).  Within the field of 
cognitive science, literacy has been reconceptualized as a tool for knowledge construction (i.e., 
using reasoning or problem solving to obtain new knowledge) (Michaels & O‟Connor, 1990).  
This work set the stage for the extended scope of the term used today.  As defined by the United 
Nations Educational, Scientific, and Cultural Organization (UNESCO, 2004), “[l]iteracy 
involves a continuum of learning in enabling individuals to achieve their goals, to develop their 
knowledge and potential, and to participate fully in their community and wider society” (p. 13).   
 Clearly, the concept of literacy has evolved considerably from its origin in the ability to 
read and write.  Especially over the last 50 years, expectations for a literate citizenry have been 
extended to include the ability to understand, make informed decisions, and act with respect to 
complex topics and issues facing society today.  The term literacy also has been extended to refer 
to such knowledge and capabilities in many different discourses (e.g., computer literacy, 
mathematics literacy, cultural literacy, arts literacy).  Additional notions of literacy that have 
emerged are environmental literacy, ecological literacy, and ecoliteracy.   
 
Environmental Literacy, Ecological Literacy, Ecoliteracy  
 Numerous scholars have argued that the terms environmental literacy, ecological literacy, 
and ecoliteracy have been used so broadly and/or interchangeably that they are essentially 
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meaningless (e.g., Disinger, 1992; Roth, 1992; Stables & Bishop, 2001; Payne, 2005, 2006).  
Disinger (1992) contended that the almost arbitrary application of the term environmental 
literacy has resulted in nearly as many different perceptions of the term as there are people who 
use it, and that while various groups often use the term to solidify or demonstrate correctness of 
either themselves or their clients, they give little or no indication of what they actually mean.  
Similarly, Stables and Bishop (2001) argued that the meaning of environmental literacy has been 
greatly muddled as a result of its indiscriminate application.  Recently, Payne (2005, 2006) also 
dismissed the concepts of environmental or ecological literacy as vague and messy, arguing 
instead for a “critical ecological ontology,” a curriculum theory focusing on the learner‟s 
experience of being in the world.  Given the multitude of literacies now being promoted, and the 
widespread and seemingly arbitrary use of the terms environmental-, ecological-, and eco-
literacy in particular, it is easy to see how these authors made these assessments. 
 Despite the widespread, and at times, indiscriminate, use of these terms, efforts have been 
made to establish definitions and identify key components of environmental literacy, ecological 
literacy, and ecoliteracy, and to firmly anchor their conceptualizations in broad theoretical and 
philosophical frameworks.  A primary intent of this work has been to advance complete, 
pedagogy-guiding, and broadly applicable frameworks that allow for standards and assessments 
of educational achievement to be set.  Widely varying discourses on the nature and essential 
components of environmental literacy, ecological literacy, and ecoliteracy have arisen primarily 
within the fields of environmental education, ecology, and the broader humanities, respectively.  
 The term environmental literacy was first used 43 years ago in an issue of the 
Massachusetts Audubon by Roth (1968) who inquired “How shall we know the environmentally 
literate citizen?”  Since then, the development of the environmental literacy concept evolved and 
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has been extensively reviewed (e.g., Roth, 1992; Simmons, 1995; Morrone, Mancl, & Carr, 
2001; Weiser, 2001; NAAEE, 2004; O‟Brien, 2007; Campaign for Environmental Literacy, 
2011; Environmental Literacy Council, 2011).  The notion of environmental literacy has been 
and continues to be promoted through creative and intensive discourse from a diversity of 
perspectives.  The most widely accepted meaning of environmental literacy is that it comprises 
an awareness of and concern about the environment and its associated problems, as well as the 
knowledge, skills, and motivations to work toward solutions of current problems and the 
prevention of new ones (NAAEE, 2004). 
 More recently, the term ecological literacy was first publicly used 25 years ago by Risser 
(1986) in his Address of the Past President to the Ecological Society of America.  Risser (1986) 
urged ecologists to ponder, debate, and arrive at consensus as to what comprises basic ecological 
literacy, adopt a vigorous stance, and embrace their responsibilities as promoters of ecological 
literacy in their students and the general public.  Since then, the conceptualization of ecological 
literacy within the field of ecology has evolved considerably (Cherrett, 1989; Klemow, 1991; 
Odum, 1992; Berkowitz, 1997; Berkowitz, Ford, & Brewer, 2005; Jordan et al, 2009), focusing 
on the key ecological knowledge necessary for informed decision-making, acquired through 
scientific inquiry and systems thinking. 
 The term ecoliteracy was first published 14 years ago by Capra (1997), who founded the 
Center for Ecoliteracy, a nonprofit organization dedicated to education for sustainable living 
(Center for Ecoliteracy, 2011).  Drawing heavily on the work of Orr (1992), Capra and others in 
the broader humanities have advanced ecoliteracy, with a focus on the creation of sustainable 
human communities and society (e.g., Capra 1997, 2002; Cutter-Mackenzie & Smith; 2003; 
Wooltorton, 2006). 
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 Despite a shared concern for the environment and recognition of the central role of 
education in enhancing human-environment relationships, researchers have adopted widely 
differing discourses on what it means for a person to be environmentally literate, ecologically 
literate, or ecoliterate.  I approached the multiplicity of theoretical and practical perspectives by 
developing a classification of the literacy conversation.  This involved considering similar 
propositions within groups (i.e., within the fields of environmental education, ecology, and the 
humanities), describing each of these groupings and distinguishing it from the others, and 
highlighting areas of similarity and divergence.   
 In this chapter, I trace the evolution of the concept of environmental literacy within the 
field of environmental education.  I also examine the development of the more recent concepts of 
ecological literacy and ecoliteracy, and explore how and why they evolved from the concept of 
environmental literacy.  I present a classification of the numerous proposed frameworks for 
environmental literacy, ecological literacy, and ecoliteracy, and compare and contrast these 
frameworks across multiple dimensions of affect, knowledge, skills, and behavior.  This analysis 
facilitates close examination of where we have been, where we are, and where we might be 
headed with respect to these concepts.  This work also offers points of reference for continuing 
critical discourse and illuminates a diversity of inspiration sources for developing and/or 
enriching programs aimed at cultivating these types of literacies. 
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Environmental Literacy 
 Roth (1992) observed that it was fitting that the concept of environmental illiteracy 
predated the concept of environmental literacy, in the same way that the term illiteracy predated 
the term literacy.  Notably, Roth was referring to his original attempt to define the term 
environmental literacy in a 1968 issue of the Massachusetts Audubon, written in response to the 
frequent media references to “environmental illiterates,” who were accused of polluting the 
environment.  
 The widespread public awareness of and concern about environmental issues at that time 
is often attributed to the work of the distinguished naturalist and nature writer, Rachel Carson 
(e.g., de Steiguer, 1997; Rothman, 1998; Nash, 1990).  In 1960, Carson published a series of 
articles in The New Yorker concerning the effects of chemical insecticides on the balance of 
nature, which led to her best-selling publication, Silent Spring.  Carson (1962) cataloged the 
impacts of the indiscriminate spraying of DDT in the United States and questioned the logic of 
releasing large amounts of chemicals into the environment without fully understanding their 
effects.  As part of the legacy of Silent Spring, the public began to express their uneasiness, 
suspicion, and even outright hostility with respect to the nation‟s unthinking allegiance to 
progress (Rothman, 1998).  Environmental illiteracy was no longer acceptable.   
 It was in this charged atmosphere that Roth (1968) posed the question: “How shall we 
know the environmentally literate citizen?”  Shortly thereafter, the article was reprinted in The 
New York Times (Faust, 1969), yet it received relatively little more attention until a year later 
when the term environmental literacy appeared in several speeches by President Nixon, relating 
to the passage of the first National Environmental Education Act in 1970 (Roth, 1992).  As time 
passed, the term was used more and more frequently within the field of environmental education.  
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Although the first National Environmental Education Act was not signed into law until 1970, 
environmental education emerged as a distinct field in the mid-1960s (Braus & Disinger, 1998).  
With its primary antecedents in nature study, conservation education, and outdoor education, 
environmental education arose as a complex and vibrant field of practice and inquiry into the 
meanings, problems, and potentials of human-environment relationships, and the role of 
education in this respect.   
 The rise of the nature study, conservation education, and outdoor education movements 
largely reflected the socio-political environment of their time (Braus & Disinger, 1998).  
Beginning in the late 1800s, nature study emerged as a means of providing opportunities for the 
appreciation and discovery of nature, in response to the shift from a mainly agrarian to a more 
industrial society in which students were no longer spending their childhood in natural settings. 
In the 1930s, conservation education grew out of concerns about poor natural resource 
management, as reflected by the Great Dust Bowl, and focused on the importance of conserving 
soil, water, and other natural resources.  In the 1950s, outdoor education emerged out of concern 
that urban youth were not experiencing direct contact with the outdoor environment; it 
encouraged the teaching of all subjects outdoors, often using residential camps.  By the late 
1960s, public awareness of environmental issues had become widespread, and environmental 
education, with a focus on the social aspects of environmental problems, emerged. 
 Numerous scholarly reviews have highlighted the fact that, despite a common concern for 
the environment and human-environment relationships and a shared recognition of the role of 
education in this respect, the field of environmental education continues to be advanced via 
widely differing theoretical, pedagogical, and research perspectives (e.g., Robottom & Hart, 
1993; Hart & Nolan, 1999; Sauvé, 1999; Rickinson, 2001; Russel & Hart, 2003; Disinger, 2005; 
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Robottom, 2005; Sauvé, 2005; Ramsey & Hungerford, 2005; Smyth, 2006).  While originally 
focused on increasing public awareness of the environmental damage caused by humans, 
particularly in terms of pollution, environmental education has since evolved into a rich, 
complex and vast pedagogical landscape, encompassing numerous distinct currents of 
intervention, each with different objectives, teaching approaches, and strategies (Sauvé, 2005).  
 While developing a consensus set of goals for environmental education continues to be a 
topic of spirited discourse and debate, many previous and current leaders in the field have 
identified environmental literacy as the primary goal of environmental education.  The goal of 
environmental literacy was advanced in the Belgrade Charter (UNESCO-UNEP, 1976) and the 
Tbilisi Declaration (UNESCO, 1978), which are considered the official founding documents of 
the environmental education field.  The Belgrade Charter, the product of the first international 
conference on environmental education held in former Yugoslavia in 1975, outlined some of the 
basic structure and aims of environmental education worldwide, and provided a widely accepted 
goal statement for environmental education:  
 “The goal of environmental education is to develop a world population that is aware of 
 and concerned about the environment and its associated problems, and which has the 
 knowledge, skills, attitudes, motivations, and commitment to work individually and 
 collectively toward solutions of current problems and the prevention of new ones 
 (UNESCO, 1976, p. 1). 
 In 1977, the Belgrade Charter was further refined at the Intergovernmental Conference 
on Environmental Education, held in Tbilisi, Republic of Georgia.  The Tblisi Declaration 
defined three goals as the basis for environmental education (UNESCO, 1978, p. 2): 1) to foster 
a clear awareness of, and concern about, economic, social, political and ecological 
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interdependence in urban and rural areas; 2) to provide every person with opportunities to 
acquire the knowledge, values, attitudes, commitment and skills needed to protect and improve 
the environment; and 3) to create new patterns of behavior of individuals, groups, and society as 
a whole towards the environment.   
 Identifying the Belgrade Charter and the Tblisi Declaration as its guiding documents, 
The North American Association for Environmental Education (NAAEE) continues to identify 
cultivating environmental literacy as the primary goal of environmental education (NAAEE, 
2004).  Like the field of environmental education itself, the concept of environmental literacy has 
undergone a lengthy metamorphosis.  A driving purpose in the field has been to create a 
complete and broadly applicable conceptual framework for environmental literacy (i.e., what an 
environmentally literate person should know and be able to do), allowing for the establishment 
of guidelines and tools for assessing educational achievement.  Since the 1970s, a multitude of 
new and adapted frameworks, guidelines, and plans for environmental literacy have been put 
forward by individuals, consortiums, organizations, and states with the primary goal of providing 
environmental education.  Since the 1990s, tremendous efforts have been made across all of 
these entities to establish a consensus framework to guide educators at the front lines of 
cultivating environmental literacy in both formal and informal settings (e.g., Simmons, 1995; 
NAAEE, 2004).   
In 1993, The National Project for Excellence in Environmental Education, sponsored by 
the NAAEE, was initiated to develop a set of guidelines for high-quality environmental 
education across the U.S., with the primary purpose of articulating knowledge and skills they 
viewed as essential for environmental literacy (NAAEE, 2004, p. 1).  As part of its goal of 
reflecting a broadly shared understanding of environmental literacy, NAAEE‟s Guidelines for 
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Learning were developed using the extensive body of existing scholarship in environmental 
education as a foundation.   
 
Components of Environmental Literacy 
To aid in the development of the NAAEE guidelines, Simmons (1995) conducted a 
thorough review of the definitions, frameworks and/or models of environmental literacy from 26 
relevant sources, including individuals, consortiums, organizations, and state and national 
guidelines or plans.  In that study, Simmons found that, although each framework was based on a 
different set of assumptions and priorities, the commonalities amongst the plans were 
considerable.  Simmons identified the major components of environmental literacy proposed in 
each model and designed a draft framework showing how the different models of environmental 
literacy were organized around seven major components.  These seven major components served 
as the basis for the structure of NAAEE‟s Guidelines for Learning (NAAEE, 2000/2004) and 
included: 1) affect, 2) ecological knowledge, 3) socio-political knowledge, 4) knowledge of 
environmental issues, 5) cognitive skills, 6) environmentally responsible behaviors (ERBs), and 
7) additional determinants of ERBs (Simmons, 1995; Table 1).   
 
Frameworks for Environmental Literacy 
 Since its inception (Roth, 1968), the development of the environmental literacy concept 
has been thoroughly reviewed with respect to its multiple and evolving definitions (Roth, 1992; 
Weiser, 2001; O‟Brien, 2007) and its different and/or complementary theoretical frameworks, 
components, and/or levels (Roth, 1992; Simmons, 1995; Morrone, Mancl, & Carr, 2001; Weiser, 
2001; NAAEE, 2000/2004).  A thorough, methodical review of the relevant literature on 
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Table 1.  Components of environmental literacy, adapted from Simmons (1995). 
Component Description 
  
Affect  Environmental sensitivity or appreciation, in terms of responsible attitudes toward pollution, technology, 
economics, conservation, and environmental action, and a willingness to recognize and choose among differing 
value perspectives associated with problems and issues.  Motivation to actively participate in environmental 
improvement and protection, desire to clarify one‟s own values, and confidence to make decisions and judgments 
about environmental issues according to one‟s sense of morality. 
  
Ecological Knowledge  An ability to communicate and apply major ecological concepts including those focusing on individuals, species, 
populations, communities, ecosystems, and biogeochemical cycles.  An understanding of energy production and 
transfer, and the concepts of interdependence, niche, adaptation, succession, homeostasis, limiting factors, and 
humans as ecological variables.  An understanding of how natural systems work, as well as how social systems 
interface with natural systems. 
 
Socio-Political 
Knowledge 
 A clear awareness of economic, social, political and ecological interdependence in urban and rural areas; i.e., how 
human cultural activity influences the environment from an ecological perspective. An understanding of the basic 
structure and scale of societal systems and of the relationships between beliefs, political structures, and 
environmental values of various cultures.  Geographic understanding at local, regional, and global levels and 
recognition of patterns of change in society and culture. 
 
Knowledge of 
Environmental Issues 
 An understanding of various environmentally-related problems and issues and how they are influenced by 
political, educational, economic, and governmental institutions. Understandings of air quality, water quality and 
quantity, soil quality and quantity, land use and management for wildlife habitat, and human population, health, 
and waste. 
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Cognitive Skills  Identification and definition of environmental problems/issues, and the analysis, synthesis, and evaluation of 
information about these issues using both primary and secondary sources and one‟s personal values.  Abilities for 
selecting appropriate action strategies and creating, evaluating, and implementing action plans.  Abilities to 
conduct scientific inquiry and basic risk analysis, think in terms of systems, and to forecast, think ahead, and plan. 
 
Environmentally 
Responsible Behaviors 
(ERBs) 
 Active participation aimed at problem solving and issues resolution.  Action through selected lifestyle activities, 
including environmentally sound consumer purchasing, using methods for conserving resources; assisting with 
the enforcement of environmental regulations; using personal and interpersonal means to encourage 
environmentally sound practices; and supporting environmentally sound policies and legislative initiatives.    
 
Additional Determinants 
of ERBs  
 A locus of control and assumption of personal responsibility.  Locus of control is an individual‟s perception of his 
or her ability to bring about change because of his or her behavior; individuals possessing an internal locus of 
control believe their actions are likely to advance change (see Hines, Hungerford, & Tomera, 1986; Newhouse, 
1990). 
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environmental literacy up to 1995 was conducted by Simmons (1995). Building on Simmons‟ 
work (Table 1), I use the 7 components she identified as a basis for comparing the frameworks 
developed since then (Table 2b), including those developed by NAAEE (2000, 2004) and others.  
 From the foundational “spaceship earth” and AKASA models (Stapp & Cox, 1974; 
UNESCO, 1978; respectively) to more recent nation-wide assessments (e.g., Coyle, 2005; 
McBeth et al., 2008), frameworks for environmental literacy proposed over the last several 
decades exhibit a high degree of similarity and congruence with respect to their major 
components.  All frameworks include knowledge of basic ecological concepts, environmental 
sensitivity or appreciation, awareness of environmental issues and problems, and skills and 
behaviors to prevent and/or resolve those issues as key attributes of the environmentally literate 
individual.  Environmental problem-solving is a unifying current running throughout these 
frameworks (Tables 2a, b), reflecting the roots of the environmental education movement. 
 As the extent, gravity, and growing acceleration of environmental degradation came to 
light in the 1960s and 70s and the field of environmental education emerged, the environment 
was considered first and foremost to comprise a set of problems and issues.  As reflected in 
nearly all frameworks, an environmentally literate citizen is an individual who is, most 
importantly, informed about environmental issues and problems and possesses the attitudes and 
skills for solving them.  While some frameworks prescribe a code of socially desirable attitudes 
and values, others focus on the construction of one‟s own values system; in either case, the 
environmentally literate individual has a well-developed set of environmental values or morals.  
The individual also takes action in terms of changing his or her own behavior in order to 
remediate or prevent further environmental problems.  The individual is not only able to identify  
and analyze the values of protagonists with respect to a given environmental issue, but also is
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Table 2a.  Frameworks for environmental literacy advanced within the field of environmental education.*   
Year Author(s)/Organization Description of Framework: 
   
1974 Stapp & Cox The spaceship earth philosophy of EL, divided into knowledge of five basic concepts: 1) ecosystems, 2) populations, 
3) economics and technology, 4) environmental decisions, and 5) environmental ethics.  In addition, a set of three 
processes for EL: 1) problem solving skills essential to developing and carrying out action plans; 2) values 
clarification to help individuals become aware of their personal beliefs, attitudes, values, and behaviors; and 3) 
community problem  solving-  application of both problem solving and valuing to an environmental issue that affects 
an individual directly. 
   
1978 Tblisi Declaration, 
UNESCO 
The AKASA model of EL, with five categories of objectives: 1) awareness-  awareness and sensitivity to the total 
environment and its allied problems; 2) knowledge- a variety of experiences in and basic understanding of the 
environment and  its associated problems; 3) attitudes- a set of values and feelings of concern for the environment and 
the motivation for actively participating in environmental improvement and protection; 4) skills- for identifying and 
solving environmental problems; and 5) action- active involvement at all levels in working toward the resolution of 
environmental problems.  
   
1980 Hungerford et al. Four goal levels for EL: Level I) ecological foundations-  understanding of major ecological concepts in areas such as 
species‟ interaction and interdependence, energy flow and material cycling, and succession, and abilities to apply that 
knowledge to the analysis of environmental issues, the selection of appropriate sources of scientific information in 
order to find solutions for environmental problems, and the prediction of ecological consequences of alternative 
solutions to environmental problems; Level II) conceptual awareness- understanding of how humans perceive and 
value the environment and how their behavior effects it, and an ability to identify the cultural implications of a wide 
variety of environmental issues and their alternative solutions; Level III) investigation and evaluation- abilities to 
identify and investigate environmental issues using both primary and secondary sources of information, evaluate 
alternative solutions to those issues, and to identify, clarify, and possibly change personal value positions related to 
environmental issues and their solutions; and  Level IV) issue resolution- competence with a variety of environmental 
action skills, such as persuasion, political action, legal action, and eco-management. 
   
1990 Ballard & Pandya Knowledge of three key systems for EL: 1) natural systems- general (environment, earth, biosphere), abiotic 
components, biotic components, processes, biological systems ; 2) resource systems- natural resources distribution, 
consumption, management, and conservation, abiotic resources, biotic resources, degradation of resource base; 3) 
human systems- humans and environment, technological systems, social systems, environmental awareness and 
protection. 
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Table 2a. (continued). 
 
Year Author(s)/Organization Description of Framework: 
   
1990 Iozzi et al. Five taxonomies of educational objectives for EL: 1) cognitive domain- knowledge of basic ecological concepts and 
an understanding of environmental problems and issues, and skills for selecting, creating, evaluating, and/or 
implementing action strategies and plans; 2) affective domain- environmental sensitivity or appreciation, responsible 
attitudes toward environmental issues, values, moral reasoning, and ethics; 3) responsible environmental behavior- 
active participation aimed at solving problems and resolving issues; 4) locus of control; 5) assumption of personal 
responsibility- recognition of one‟s impacts and willingness to fill one‟s role in helping to resolve environmental 
issues. 
   
1991 Currciulum Task Group, 
ASTM 
Twelve recommendations for EL: 1) overall environmental awareness and knowledge; 2) understanding of ecology as 
a critical cornerstone; 3) communication and application of major ecological concepts; 4) communication and 
application of major social science concepts; 5) understanding of human dependence upon stable and productive 
ecological and social systems; 6) identification of a wide variety of environmental issues and application of ecological 
and social science concepts in interpreting these issues; 7) understanding of how human behaviors, beliefs, values, and 
cultural activities impact the environment; 8) knowledge and application of various issues identification strategies 
using both primary and secondary sources of information; 9) identification of various alternative solutions to 
environmental problems and prediction of possible or probable consequences; 10) identification, evaluation, and 
modification of personal and group values positions and strategies, relative to the environment; 11) demonstration of 
strategies for the correction of environmental problems; 12) identification of sources of scientific and social scientific 
information appropriate to the investigation of environmental problems and solutions. 
   
1991 Marcinkowski Nine items comprising EL: 1) awareness and sensitivity toward the environment; 2) attitude of respect for the natural 
environment, and of concern for the nature of magnitude of human impacts on it; 3) knowledge and understanding of 
how natural systems work, as well as of how social systems interface with natural systems; 4) understanding of the 
various environmentally-related problems and issues across multiple scales- local to global; 5) skills required to 
analyze, synthesize, and evaluate information about environmental problems using primary and secondary sources, 
and to evaluate a select problem on the basis of evidence and personal values; 6) sense of personal investment in, 
responsibility for, and motivation to work individually and collectively toward the resolution of environmental 
problems; 7) knowledge of strategies available for use in remediating environmental problems; 8) skills required to 
develop, implement and evaluate single strategies, and composite plans for remediating environmental problems; and 
9) active involvement at all levels in working toward the resolution of environmental problems. 
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Table 2a. (continued). 
 
Year Author(s)/Organization Description of Framework: 
   
1992 Roth Three levels of  EL- nominal, functional, and operational: 1) a nominally environmentally literate person is able to 
recognize and provide rough working definitions of many of the basic terms used in communicating about the 
environment, and is developing awareness, sensitivity, and an attitude of respect and concern for natural systems;  2) a 
functionally environmentally literate individual has a broader understanding of the interactions between natural 
systems and human social systems and is aware and concerned about negative interactions between those systems.  He 
or she has developed the skills to analyze, synthesize, and evaluate information about environmental issues, and 
evidences a personal investment and motivation to work toward remediation.  3) an operationally environmentally 
literate person has moved beyond functional literacy in both the breadth and depth of his or her understandings and 
skills.  The individual demonstrates a strong, ongoing sense of investment in and responsibility for preventing or 
remediating environmental degradation, and routinely advocates action positions and takes action that work to sustain 
or enhance a healthy environment. 
 
1992/
1997 
Wisconsin Center for 
Environmental Education 
Four general EL outcomes: 1) cognitive- knowledge of ecological principles (individuals, populations, and 
communities, change and limiting factors, energy flow, biogeochemical cycling, ecosystems and biodiversity), 
knowledge of environmental problems and issues, knowledge of issue investigation strategies, knowledge of 
appropriate action strategies for prevention or resolution of environmental issues; 2) affective-  environmental 
sensitivity and awareness, positive attitudes and values for the prevention and remediation of environmental issues;  
3) determinants of ERBs- locus of control, assumption of personal responsibility; and 4) ERBs- ecomanagement, 
economic action, persuasion, political action, legal action. 
   
1993/
2006 
Project Learning Tree Five goals for EL: 1) awareness, appreciation, skills, and commitment to address environmental issues; 2) application 
of scientific processes and higher order thinking skills to resolve environmental problems; 3) appreciation and 
tolerance of diverse viewpoints on environmental issues, attitudes and actions based on analysis and evaluation of the 
available information.; 4) creativity, originality, and flexibility to resolve environmental problems and issues;  
5) inspiration and empowerment to become responsible, productive, and participatory members of society. Four basic 
concepts: diversity, systems, structure and scale, and patterns of change in the environment, resource management and 
technologies, societies, and cultures. 
   
1994 Hungerford et al.,  
EL Consortium 
Four categories of objectives for EL: 1) cognitive dimensions-  knowledge of ecological and socio-political 
foundations, knowledge of and ability to evaluate environmental issues, apply action strategies, and develop and 
evaluate appropriate action plans;  2) affective dimensions- empathic, appreciative, and caring attitudes toward the 
environment and willingness to work toward prevention and/or remediation of issues; 3) additional determinants of 
ERBs- locus of control and assumption of personal responsibility; 4) personal and/or group involvement in ERBs- 
ecomanagement, economic/consumer action, persuasion, political action, legal action. 
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Table 2a. (continued). 
 
Year Author(s)/Organization Description of Framework: 
   
2000/
2004 
NAAEE Four strands of EL: 1) questioning, analysis, and interpretation skills- familiarity with inquiry, mastery of fundamental 
skills for gathering and organizing information, ability to interpret and synthesize information to develop and 
communicate explanations; 2) knowledge of environmental processes and systems- the Earth as a physical system, the 
living environment, humans and their societies, environment and society; 3) skills for understanding and addressing 
environmental issues- skills for analyzing and investigating environmental issues, decision-making and citizenship 
skills; 4) personal and civic responsibility- willingness and ability to act on one‟s own conclusions about what should 
be done to ensure environmental quality, understanding of what can be done individually and in groups to make a 
difference. 
   
2003 NSTA Eight declarations for EL: 1) observation, investigation, experimentation, and innovation; 2) scientific literacy; 3) 
appreciation for and knowledge of range of environmental issues, perspectives, and positions; 4) critical thinking 
skills; 5) awareness and understanding of global environmental issues, potential solutions, and ways to prevent 
environmental crises; 6) balance of environmental, economic, and social perspectives; 7) use of appropriate 
technologies to advance EL; 8) EL fostered through both formal and informal learning experiences; 8) EL encouraged 
through collaborations among formal and informal learning environments. 
   
2005 Coyle Three levels of EL: 1) environmental awareness- simple familiarity with an environmental subject with little real 
understanding of its deeper causes and implications; 2) personal conduct knowledge- willingness to go a step further 
to take personal action and make connections between an environmental issue and one‟s individual conduct; 3) true 
literacy- understanding of principles underlying an environmental issue, skills needed to investigate it, and 
understanding of how to apply that information. 
 
2008 McBeth et al. Four components of EL: 1) foundational ecological knowledge; 2) environmental affect- verbal commitment, 
environmental sensitivity, environmental feeling; 3) cognitive skills- issue identification, issue analysis, action 
planning; 4) behavior- actual commitment, i.e., pro-environmental behavior. 
   
* Note: Framework terminology reflects authors‟ usage.  Frameworks are arranged in chronological order based on initial publication date to reflect 
progression within the field. Abbreviations: ASTM (American Society for Testing and Materials), NSTA (National Science Teachers Association), NAAEE 
(North American Association for Environmental Education), EL (environmental literacy), ERBs (environmentally responsible behaviors), UNESCO (United 
Nations Educational, Scientific, and Cultural Organization). 
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Table 2b.  Comparison of environmental literacy frameworks advanced within the field of environmental education. 
Year Authors/Organizations Affect 
Ecological 
Knowledge 
Socio-Political 
Knowledge 
Knowledge of 
Environmental  
Issues Skills 
Environmentally 
Responsible 
Behaviors 
(ERBs) 
Additional 
Determinants 
of 
ERBs 
         
1974 Stapp & Cox √ √ √ √ √ √  
1977 Tblisi Declaration, UNESCO √ √ √ √ √ √ √ 
1980 Hungerford et al. √ √ √ √ √ √  
1990 Ballard & Pandya √ √ √   √  
1990 Iozzi et al. √ √  √ √ √ √ 
1990 Curriculum Task Group, ASTM √ √ √ √ √ √  
1991 Marcinkowski √ √ √ √ √ √ √ 
1992/1997 Wisconsin Center for EE √ √  √ √ √ √ 
1992 Roth √ √ √ √ √ √ √ 
1993/2006 Project Learning Tree √ √ √ √ √ √ √ 
1994 Hungerford et al., EL Consortium √ √ √ √ √ √ √ 
2000/2004 NAAEE √ √ √ √ √ √ √ 
2003 NSTA √ √ √ √ √   
2005 Coyle √ √ √ √  √  
2008 McBeth et al. √ √ √ √ √ √ √ 
         
Abbreviations: ASTM (American Society for Testing and Materials), NSTA (National Science Teachers Association), NAAEE (North American Association for 
Environmental Education, EE (environmental education), EL (environmental literacy), UNESCO (United Nations Educational, Scientific, and Cultural 
Organization). 
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able to clarify his or her own values in connection with action.   
 By the 1980s, the emphasis on environmental issues resolution as a fundamental 
component of environmental literacy came into question in the context of more general scientific 
literacy. A Nation at Risk (National Commmission on Excellence in Education, 1983) warned of 
a national education crisis and urged reform of the entire educational system.  Dozens of reports 
over the next few years supported the commission's conclusions, citing American students' low 
test scores and poor showing in international studies of student achievement, particularly in 
science.  This climate inspired the American Association for the Advancement of Science (AAAS) 
to place science literacy at the top of its priority list with Project 2061, a long-term science, 
mathematics, and technology K-12 education reform initiative (AAAS, 1989).  The widespread 
apprehension about scientific literacy was reflected in the discourse about environmental 
literacy.  The Independent Commission on Environmental Education (ICEE) raised concerns 
about much of the content of K-12 environmental education materials, suggesting that the field 
was geared more toward advocacy than education (ICEE, 1997; see also Hug, 1997).  The 
commission argued that environmental educators should be more focused on building 
environmental science knowledge than changing behaviors.  Other environmental education 
scholars also began to express dissatisfaction with the focus on environmental attitudes and 
issues resolution, and supported a more scientific approach to environmental literacy (e.g., 
Zimmerman, 1995; Golley, 1998).   
 It was during this period of pronounced enthusiasm for an emphasis on science in 
environmental education and environmental literacy that ecological scientists became involved.  
In 1986, Paul Risser, in his Address of the Past President to the Ecological Society of America, 
initiated a dialogue with his fellow ecologists when he decried the lack of scientific literacy in 
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the American public and identified the need for ecology-based literacy in particular, which he 
termed ecological literacy (Risser, 1986), thereby triggering the discussion within the field of 
ecology (see Ecological Literacy below). 
 At about the same time, the concept of environmental literacy evolved in yet a third 
direction, with the 1992 publication of Ecological Literacy: Education and the Transition to a 
Postmodern World by David Orr.  Using the terms environmental literacy and ecological literacy 
interchangeably (an ambiguity noted by Quammen, 1994), Orr advanced a vision of literacy that 
was distinct from the ongoing conversation within environmental education and from the newly-
seeded discussion within ecology.  Orr (1992) argued that the ecological crisis was in every way 
a crisis of education, and that ecological literacy required a transformatory reconstruction of the 
industrial Western education system to focus on the creation of sustainable human communities 
and society.  Orr‟s work directly inspired the movement for ecoliteracy, arising from the broader 
humanities (see Ecoliteracy below). 
  
Ecological Literacy 
 In addition to the heightened concern in the 1980s over the lack of science literacy in 
general, numerous studies began to elucidate students‟ widely held misconceptions about 
fundamental ecological concepts (reviewed by Munson, 1994), and other studies suggested that 
people held a number of errant views related to ecology, such as equating ecology with 
environmentalism (e.g., Krebs, 1999).  Recognizing that ecologists could offer tremendous 
insights into the key ideas in their field, how these ideas are linked, and how they can be thought 
about and translated for different audiences, numerous ecologists heeded the call to weigh in on 
the content and pedagogy of a framework for ecological literacy.   
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Frameworks for Ecological Literacy 
 Several frameworks addressing ecological literacy were developed beginning in the early 
1990s (Klemow, 1991; Odum, 1992; Berkowitz, 1997; Berkowitz et al., 2005; Jordan et al., 
2009).  Cherrett (1989), while not aiming to define ecological literacy per se, surveyed the 
British Ecological Society for what they considered the most important ecological concepts for 
people to understand, resulting in a list of 20 most frequently mentioned ecological concepts.  
Acknowledging that the entire discipline of ecology could not be taught to everyone, these 
frameworks considered a shorter list of key knowledge and skills a person should have and be 
able to apply to be considered ecologically literate, while balancing brevity with 
comprehensiveness, assuring practicality while aiming to be inspirational, and being synthetic 
and novel while sufficiently reflecting current vernacular (Table 3a).  
 There is tremendous variation in the proposed number of “most important” items for 
ecological literacy, ranging from four to twenty. Frameworks for ecological literacy reviewed 
here emphasize, often in explicit detail, the ecological knowledge component (Tables 3a, b).  
While earlier frameworks define ecological literacy with respect to its essential knowledge 
components only, more recent frameworks also emphasize cognitive skills, particularly scientific 
inquiry and ecological thinking.  Also, all frameworks incorporate an understanding of 
ecological-cultural interactions in terms of human dependence on and/or integration with 
ecological systems, with the exception of Klemow‟s (1991) framework, which considers humans 
solely in terms of their impacts. 
 In contrast with frameworks for environmental literacy, which mainly focus on the 
environment as a series of issues to be resolved through values and action, frameworks for 
ecological literacy emphasize that knowledge about the environment is necessary for informed  
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Table 3a. Frameworks for ecological literacy advanced within the field of ecology.*   
Year Author/s Description of Framework: 
   
1986 Risser Four notions for EL:1)  multimedia transport of materials-  e.g., sources and sinks, biomagnifications, chemical transformations; 
2) clarification of the "everything is connected to everything" concept- understanding specific instances of connections and the 
relative strength of interactions; 3) ecology-culture interactions- economics, management of natural resources, relationships 
between ecology and cultural heritage; 4) familiar ecological field observations based on a specific, local spot- a concrete 
example of ecological concepts, a site for action and for furthering understanding and appreciation of other spots. 
   
1989 Cherrett Top twenty ecological concepts, in rank order: 1) the ecosystem, 2) succession, 3) energy flow, 4) conservation of resources,  
5) competition, 6) niche, 7) materials cycling, 8) the community; 9) life history strategies, 10) ecosystem fragility, 11) food 
webs, 12) ecological adaptation, 13) environmental heterogeneity, 14) species diversity, 15) density dependent regulation,  
16) limiting factors, 17) carrying capacity, 18) maximum sustainable yield, 19) population cycles, 20) predator-prey 
interactions. 
 
1991 Klemow Eleven basic ecological concepts for EL: 1) nature of ecological science, 2) influences of physical and biological factors on 
organisms, 3) species distribution, 4) populations, 5) communities, 6) organismal interactions, 7) ecosystem concept, 8) energy 
flow through ecosystems, 9) nutrient cycling in ecosystems, 10) constant change in ecosystems, 11) human impacts on 
ecosystems. 
   
1992 Odum Twenty “great ideas” in ecology: 1) an ecosystem is thermodynamically open and far from equilibrium; 2) the source-sink 
concept; 3) species interactions are constrained by slower interactions that characterize larger systems; 4) first signs of 
environmental stress usually occur at the population level, affecting especially sensitive species; 5) feedback in an ecosystem is 
internal and has no fixed goal; 6) natural selection may occur at more than one level; 7) there are two kinds of natural selection: 
organism vs. organism, which leads to competition, and organism vs. environment, which leads to mutualism; 8) competition 
may lead to diversity rather than extinction; 9) evolution of mutualism increases when resources become scarce; 10) indirect 
effects may be as important as direction interactions in a food web and may contribute to network mutualism; 11) organisms 
have not only adapted to physical conditions but have modified the environment in way that have proven beneficial to life in 
general; 12) heterotrophs may control energy flow in food webs; 13) an expanded approach to biodiversity should include 
genetic and landscape diversity, not just species diversity; 14) autogenic ecological succession is a two phase-process-- earlier 
stages tend to be stochastic whereas later stages are more self-organized; 15) carrying capacity is a two-dimensional concept 
involving number of users and intensity of per capita use; 16) input management is the only way to deal with nonpoint pollution; 
17) energy expenditure is always required to produce or maintain an energy flow or material cycle; 18) there is an urgent need to 
bridge the gaps between human-made and natural life support goods and services; 19) transition costs are always associated with 
major changes in nature and in human affairs; 20) a parasite-host model for man and the biosphere is a basis for going to 
dominionship to stewardship. 
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Table 3a. (continued) 
 
Year Author/s Description of Framework: 
   
1997 Berkowitz Four organizing themes for EL: 1) knowledge of human and natural systems (the nature of scientific understanding, basic 
insights about the functioning of natural systems, earth‟s physical systems, species assemblages and interactions, ecosystems, 
ecosystem function, human dependence on the environment, humans as an ecological variable, understanding of a range of 
environmental issues, what shapes individual and group behavior toward the environment, human cultural activities and their 
environmental influence, how governments make and enforce environmental laws, awareness of inequity); 2) inquiry skills; 3) 
skills for decision and action; 4) personal responsibility. 
   
2005 Berkowitz et al. Three overlapping components of EL: 1) knowledge of five key ecological systems (one's ecological  neighborhood, ecological  
basis of human existence, ecology of systems that sustain humans, human impacts on globe as an ecosystem, 
genetic/evolutionary systems and how humans affect them), 2) ecological thinking toolkit (scientific thinking, systems thinking, 
trans-disciplinary thinking, temporal thinking, spatial thinking, quantitative thinking, creative and empathic thinking)  
3) understanding of the nature of ecological science and its interface with society. 
   
2009 Jordan et al. Three overlapping components of EL: 1) ecological connectivity and key concepts (ecology is a science, functional connections 
within species and between species and the environment, biotic and abiotic factors interact to influence species distributions, 
ecological processes operate to different extents when studied at different spatial and temporal scales, ecological models are 
used as descriptors and predictors of ecological processes, evolutionary theory is a framework for understanding ecological 
connections, ecologists may interpret ecological processes within the context of their own cultural background, ecological 
literacy allows people to understand connections between themselves and ecological processes and can help them make 
informed decisions about environmental issues; 2) ecological scientific habits of mind (modeling, dealing with environmental 
uncertainty, understanding issues of scale); 3) human actions-environmental linkages (links between human actions and their 
subsequent effects on ecosystems). 
   
* Note: Terminology reflects authors‟ usage.  Frameworks are presented in chronological order based on initial publication date to reflect progression within 
the field.  Abbreviation: EL (ecological literacy). 
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Table 3b. Comparison of ecological literacy frameworks advanced within the field of ecology. 
 
Year Author/s Affect 
Ecological 
Knowledge 
Socio-Political 
Knowledge 
Knowledge of 
Environmental 
 Issues 
 
Cognitive 
Skills 
Environmentally 
Responsible 
Behaviors 
(ERBs) 
Additional 
Determinants 
of 
ERBs 
         
1986 Risser  √ √     
1989 Cherrett  √ √     
1991 Klemow  √  √    
1992 Odum  √ √ √    
1997 Berkowitz  √ √  √  √ 
2005 Berkowitz et al.  √ √ √ √   
2009 Jordan et al.  √ √  √   
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decision-making.  As emphasized in more recent ecological literacy frameworks, this knowledge 
is acquired through the scientific method of systematic observation, measurement, and 
experimentation, and the formulation, testing, and modification of hypotheses.  An ecologically 
literate individual understands environmental realities by specifically identifying their cause and 
effect relationships.  Recent ecological literacy frameworks also emphasize systems thinking, 
which involves indentifying the various biophysical and social components in a given 
environmental context and distinguishing their interrelations, allowing for the construction of a 
“big picture” view.  As such, the ecologically literate individual has a clear perception and 
understanding of a system‟s dynamics and ruptures, as well as its past and alternate future 
trajectories.  He or she understands the complexity of studied objects and phenomena, allowing 
for more enlightened decision-making. 
 When considered collectively, frameworks for ecological literacy do espouse a view that 
is quite different from environmental literacy.  Yet, there is obvious, significant overlap between 
the two perspectives.  Berkowitz et al. (2005) attempted to bridge the gap between these research 
areas in ecology and environmental education by suggesting that ecological literacy is a subset of 
environmental literacy; that is, environmental literacy is essentially an amalgam of ecological 
literacy and civics literacy.  The results of the classification approach I used support their 
proposition (Tables 2b, 3b). 
 
Ecoliteracy 
 At about the same time that ecological literacy took root in ecology, another conceptual 
understanding took root in the broader humanities, with Orr‟s (1992) distinctly different 
description of ecological literacy.  Orr (1992) advanced an idea of literacy that placed emphasis 
46 
 
on the creation of sustainable human communities and called for a fundamental reconstruction of 
the entire educational system.   
 The ideology of sustainable development, central to Orr‟s (1992) conceptualization of 
environmental/ecological literacy, gained popularity during the mid-80s, with the convening of 
the World Commission on Environment and Development (WCED) in 1983 to address growing 
concerns about the accelerating deterioration of the human environment and natural resources 
and the consequences of that deterioration for economic and social development.  The WCED 
(renamed the Brundtland Commission) report, Our Common Future, was the first genuinely 
comprehensive survey of the planet‟s health, detailing the problems of atmospheric pollution, 
desertification, and poverty.  The report proposed the concept of sustainable development, 
defined as “…development that meets the needs of the present without compromising the ability 
of future generations to meet their own needs” (WCED, 1987).   This report laid the groundwork 
for Chapter 36 of Agenda 21, which recommended reorienting education toward sustainable 
development (UNESCO, 1992).  Following these recommendations, UNESCO replaced its 
International Environmental Education Program (1975-1995) with Educating for a Sustainable 
Future (UNESCO, 1997).  As such, the ideology of sustainable development gradually 
penetrated the environmental education movement and has since asserted itself as a dominant 
perspective, and even as an educational field in its own right (i.e., education for sustainable 
development, ESD; reviewed by Bonnett, 2002; Gonzalez-Gaudiano, 2006; Stevenson, 2006). 
 Soon after and drawing heavily on Orr‟s (1992) work, Capra (1997) coined the term 
ecoliteracy, defined as an understanding of the principles of the organization of ecosystems and 
the application of those principles for creating sustainable human communities and societies.  
(see also Cutter-Mackenzie & Smith, 2003; Wooltorton, 2006).  The idea of using resources in 
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such a way as to ensure future availability was an essential element of ecoliteracy.  And, while 
the term ecoliteracy is not used explicitly, other frameworks identifying sustainability as the 
preferred outcome of the promotion of literacy have been advanced by Thomashow (1995), 
Jardine (2000), Bowers (2001), Woolpert (2004), and Stone & Barlow (2005).  
 Frameworks for ecoliteracy exhibit a high degree of similarity with frameworks for 
environmental literacy, in that both sets include similar affective, knowledge, cognitive skills, 
and behavioral components (Tables 4a, b; 2a, b).  However, what most differentiates ecoliteracy 
from environmental literacy is the clear emphasis on sustainability, and the introduction of 
spiritual, holististic components, expressed in terms of “celebration of Creation” (Orr, 1992), 
“spirit” and “reverence for the Earth” (Capra, 1997, 2002, 2011), and “expansion of the soul” 
(Wooltorton, 2006) (Table 4a).  An ecoliterate person is prepared to be an effective member of 
sustainable society, with well-rounded abilities of head, heart, hands, and spirit, comprising an 
organic understanding of the world and participatory action within and with the environment. 
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Table 4a.  Frameworks for ecoliteracy.* 
 
Year Author/Organization Description of Framework: 
   
1992 Orr The basis of ecological literacy: knowledge, caring, and practical competence.  A broad understanding of how people and 
societies relate to each other and natural systems, and how to do so sustainably.  The ability to answer “What then?” questions, 
requiring the comprehension of the interrelatedness of life grounded in the study of natural history, ecology, and 
thermodynamics.  An understanding of the speed of the environmental crisis upon us. A comprehension of the idea of 
controlling nature and the ways in which people and whole societies have become so destructive. Broad familiarity with the 
development of ecological consciousness. Participation in sustainability: prudence, stewardship, and celebration of Creation. 
   
1997, 
2002, 
2011 
Capra, Center for 
Ecoliteracy 
Four sets of competencies for ecoliteracy: 1) head/cognitive- approach issues from a systems perspective, understand 
fundamental ecological principles (networks, nested systems, cycles, flows, development, dynamic balance), think critically, 
assess impacts and ethical effects of human actions, envision long-term consequences of decisions; 2) heart/emotional- feel 
concern, empathy, and respect for other people and living things, appreciate multiple perspectives, commit to equity and just ice 
for all people; 3) hands/active- create and use tools and procedures required by sustainable communities, turn convictions into 
practical and effective action, assess and adjust uses of energy and resources; 4) spirit/connectional- experience wonder and awe 
toward nature, feel reverence for the Earth and all living things, feel a strong bond with and deep appreciation of place, feel 
kinship with the natural world and invoke that feeling in others. 
   
2003 Cutter-Mackenzie & 
Smith 
Four levels of ecoliteracy: 1) eco-illiteracy- little understanding and many misconceptions about environmental issues; 2) 
nominal ecoliteracy- recognition and use of some basic terms used in communicating about the environment, beginning to 
identify environmental problems and issues surrounding proposed solutions; 3) functional/ operational ecoliteracy- 
understanding of organization and function of environmental systems and interaction with human systems, knowledge and 
skills; 4) highly evolved ecoliteracy- thorough understanding of how people and societies relate to each other and natural 
systems, and how to do so sustainably, thorough understanding of the environmental crisis, understanding of models of 
sustainability, able to synthesize environmental information and act in a way that leads to environmental sustainability,. 
   
2006 Wooltorton Six elements of ecoliteracy: 1) ecological self- a sense of interconnectedness with the cycle of life on the basis of care and 
compassion, expansiveness of the soul and respect for other on the basis of respect for difference; 2) sense of place and active 
citizenship- engagement in local culture, history, and organic community together with the ecosystem; 3) systems thinking and 
relationship- a sense of relationality, connectedness, and context; 4) the ecological paradigm-  study of the whole, relationships, 
and networks, a focus on contextual knowledge, consideration of quality, attention to processes, study of patterns; 5) pedagogy 
of education for sustainability- an experiential, participatory and multidisciplinary approach, focusing on the learning process; 6) 
reading the world of nature and culture- engagement with nature as early in life as possible with ecoliteracy as first literacy. 
 
* Note: Terminology reflects authors‟ usage. 
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Table 4b. Comparison of ecoliteracy frameworks.  
Year Author/s Affect 
Ecological 
Knowledge 
Socio-
Political 
Knowledge 
Knowledge of 
Environmental 
 Issues 
 
Cognitive 
Skills 
Environmentally 
Responsible 
Behaviors 
(ERBs) 
Additional 
Determinants 
of 
ERBs 
         
1992 Orr √ √ √ √ √ √  
1997, 2002 Capra, CfE √ √ √ √ √ √  
2003 C.-M. & S. √ √ √ √ √ √  
2006 Wooltorton √ √ √ √ √ √  
         
Abbreviations: CfE (Center for Ecoliteracy), C.M. & S (Cutter-Mackenzie and Smith). 
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Summary and Conclusion 
 In this study, I classified the numerous proposed frameworks for environmental literacy, 
ecological literacy, and ecoliteracy (as advanced within the fields of environmental education, 
ecology, and the broader humanities, respectively) and compared and contrasted these 
frameworks across multiple dimensions of affect, knowledge, skills, and behavior.  While neither 
exhaustive nor intended as a rigid categorization, this analysis may be useful in that it allows for 
easier examination of the multiplicity and diversity of uses of these conceptualizations.  In 
addition to characterizing the overall discourse, this work may provide avenues for deeper 
exploration and critical analysis of each strand of discussion (Table 5).  It may also offer  
reference points and/or sources of inspiration for planning educational strategies, and may assist 
educators in situating, analyzing, and/or enriching their own theoretical choices and practices. 
Additionally, this examination of the present range of the environmental-, ecological-, and 
ecoliteracy landscape may inspire and inform the development of new contributions.  Future 
efforts to conceptualize a complete, broadly applicable, and pedagogy-guiding framework for 
any of these literacies, and to operationalize them in terms of standards and assessments of 
educational achievement, should continue to build upon the tremendous existing foundation of 
scholarship and should aim to represent, collectively, the prodigious expertise both within and 
related to the field. 
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Table 5. Characterizations of environmental literacy, ecological literacy, and ecoliteracy, including questions for further discussion. 
Type of 
Literacy 
General 
Conceptions of 
Environment 
Dominant Educational 
Objectives 
Primary Pedagogical 
Approaches  
Examples of Strategies Questions for Further Discussion 
Environmental 
Literacy 
 Problem 
 Field of values 
 Develop problem-solving 
skills, from diagnosis to 
action. 
 Develop a system of 
ethics. 
 Adopt environmentally 
responsible behaviors. 
 Cognitive  
 Pragmatic  
 Affective/Moral  
 Case study, issue 
analysis, problem-
solving project. 
 Analysis and 
clarification of 
values, criticism of 
social values. 
Must environmental literacy be 
fundamentally oriented toward 
problem solving?  Are 
environmentally literate 
individuals necessarily engaged in 
action projects aimed at resolving 
environmental issues, or are they 
simply prepared to do so?  
Alternatively, considering the 
state of our world, is 
environmental literacy essentially 
useless if it is not manifested in 
active problem solving?  What is 
the range of environmental values 
appropriate for environmental 
literacy, and who should 
determine them?  What are the 
particular values or sources of 
values that underlie 
environmentally sound decisions 
and behavior? 
Ecological 
Literacy 
 Object of study  
 System 
 Acquire knowledge of 
ecological concepts and 
principles. 
 Develop skills related to 
the scientific method: 
observation and 
experimentation. 
 Develop systems 
thinking: analysis and 
synthesis. 
 Understand 
environmental realities in 
view of informed 
decision-making. 
 Cognitive 
 Experiential 
 Observation, 
demonstration, 
experimentation, 
research activity. 
 Case study, 
environmental 
system analysis, 
construction of 
ecosystem models. 
Is the scientific method a 
necessary and sufficient way to 
understand environmental 
realities, or is it imposing a quest 
for the right answer, as is 
customary in the sciences?  Must 
an individual necessarily have a 
systemic, comprehensive vision of 
his or her reality in order to be 
ecologically literate? And, in 
practical terms, is ecological 
literacy different than 
environmental literacy? 
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Table 5. (continued) 
      
Type of 
Literacy 
General 
Conceptions of 
Environment 
Dominant Educational 
Objectives 
Primary Pedagogical 
Approaches  
Examples of Strategies Questions for Further Discussion 
Ecoliteracy  Shared 
resource for 
sustainable 
living 
 Gaia 
 Promote and contribute 
to economic 
development that 
addresses social equity 
and ecological 
sustainability. 
 Develop the many 
dimensions of one‟s 
being in interaction with 
all aspects of the 
environment. 
 Develop an organic 
understanding of the 
world and participatory 
action in and with the 
environment. 
 Cognitive 
 Pragmatic 
 Holistic 
 Intuitive/ 
Creative 
 Case study, social 
marketing, 
sustainable 
consumption 
activities, 
sustainable living 
management 
project. 
 Immersion, 
visualization, 
creative workshops. 
Precisely what is the ecoliterate 
individual striving to sustain 
under the aegis of sustainable 
development, at what level, and 
over what spatial and temporal 
scales?  How is the ecoliterate 
person to judge which actions will 
positively contribute to 
sustainable development (see also 
Bonnett, 2002)?  What roles 
might intuition, creativity, and 
spirituality play in enhancing 
ecoliteracy?  Alternately, what are 
the pitfalls that may be associated 
with a spiritual approach? 
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CHAPTER 3.   Analytical framework for a large-scale, open-ended survey on ecological 
literacy 
 
Abstract 
 Over 1,000 ecologists and other environmental professionals provided written responses 
to an open-ended survey on the nature of ecological literacy and the pathways to achieve it.  The 
overall objective of my analysis was to identify a framework for ecological literacy that reflected 
the respondents‟ collective view while accounting for diversity in their perspectives. This 
required an exploratory, flexible, and iterative analytical approach.  In this chapter, I describe the 
factor and cluster analysis strategies I used for exploring and characterizing the data.  I explain 
my rationale for choosing each multivariate technique, and set the analytical decision tree in the 
context of the literature.   
 
Introduction  
 Crafting a vision for ecological literacy presents the considerable challenge of balancing 
brevity with comprehensiveness (e.g., Berkowitz et al., 2005).  To avoid producing what can 
amount to an extensive laundry list of all relevant concepts and information, decisions must be 
made to include certain pieces of knowledge at the expense of other material.  These decisions 
become even more challenging when seeking to incorporate a large number of diverse 
perspectives, such as those represented by the ever-expanding and increasingly interdisciplinary 
fields of ecology and other environmental sciences.  In the environmental arena in general, the 
demand for decision processes to be open, integrative, and adaptive is increasingly evident 
(Flores & Clark, 2001).  The decision-making process required for refining (or redefining) a 
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vision for ecological literacy, in particular, necessitated an open, flexible, and constructive 
approach that accounted for differences in people‟s perspectives while seeking common ground. 
 Flores and Clark (2001) argued that in calling for inclusive, democratic processes, the 
rigid classification of perspectives should be recognized as a significant obstacle.  Rigid 
classifications can discourage broad participation because they tend to be exclusive and 
confrontational.  These authors specifically referred to the widely-invoked anthropocentric vs. 
biocentric characterization of perspectives in conservation biology, yet their argument applies to 
perspectives on the nature of ecology and ecological literacy, as well.  For example, Strong 
(2008) recently drew attention to the problematic distinction between ecological science and 
environmentalism identified by prominent experts within the field, arguing that to claim a 
separation between the two was “…precious and self-damaging” (p. 347).  As such, in 
(re)defining a vision for ecological literacy that incorporates a large number of diverse 
perspectives, rigid dichotomies (e.g., ecologist vs. environmentalist) should be avoided.  Given 
the tremendous breadth and depth of the debate on the nature of ecological literacy (Chapter 2), 
an open and contextualized understanding of people‟s perspectives is essential for encouraging 
and advancing broad participation. 
 Flores and Clark (2001) explained that people‟s perspectives are made up of their 
identities, expectations, and demands (Figure 1).  They argued that these three interconnected 
elements come into play in any process of interpersonal interaction or decision.  People with like 
perspectives tend to gravitate toward one another and develop a common, mutually reinforcing 
cultural outlook.  Gravitating toward one another, however, does not necessarily result in a loss 
of individual perspectives.  For example, individuals may share a group identity but have 
different expectations and demands.  Likewise, people may have similar expectations and  
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Figure 1.  An individual‟s perspective is comprised of one‟s identities, expectations, and 
demands (adapted from Flores & Clark, 2001). 
 
demands but retain quite different identities (Flores & Clark, 2001).  These authors concluded 
that, in advancing democratic process, we must understand and recognize our own as well as 
other people‟s perspectives (i.e., our identities, expectations, and demands) to the best possible 
extent.  The common ground is not necessarily a compromise between polar perspectives.  
Rather, clarifying and securing the common interest often requires that we expand our own 
Perspective 
Identities:  
With whom or what 
one identifies  
Expectations: 
Set of expected 
outcomes 
 
Demands: 
Patterns of 
claim-making 
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perspectives to be more encompassing of others‟ perspectives, however different they are from 
our own.   
 The field of ecology is comprised of professionals with diverse theoretical and practical 
expertise, and with ever more varied academic and professional training and experience.  Indeed, 
ecologists in different sub-disciplines may emphasize and apply different foundational ideas and 
ways of thinking in their research and communication.  Therefore, an inclusive and adaptive 
analytical approach toward examining their perspectives on ecological literacy was essential. 
 
Research Objectives 
 How do professional ecologists view ecological literacy?  How do they feel it can be 
achieved?  How might their perspectives relate to their academic and professional training and 
experience?  Through my research, I sought primarily to address the need for a framework for 
ecological literacy that reflected a collective view of current ecologists and other environmental 
professionals.  I did not intend for my analysis to be limited to a simple tallying of the most 
common concepts and ideas mentioned by respondents, which I might then arrange into logical 
outlines of categories based on top-down, deductivist criteria.  Rather, in addition to considering 
the most pervasive and cross-cutting ideas, I sought to explore the underlying themes or 
dimensions that organized and linked the ideas, as suggested by correlations within the data.  
That is, I aimed to identify a conceptual framework and vision for ecological literacy that was 
emergent from empirical dimensions within the data, in contrast to imposing my own structure 
upon it.   
 Further, I sought to explore whether and how these dimensions were emphasized 
differently by different groups of respondents.  Given the diversity of expertise represented by 
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professionals within the field of ecology, I wished to illuminate any general emphases in their 
perspectives, and to investigate how these might relate to respondents‟ academic and/or 
professional training and experience.  I aimed to account for these differences to acknowledge 
that, while the resulting framework might represent a collective view, it was not necessarily a 
consensus view.  My approach is summarized in Table 1.  Specifically, I had three main 
objectives: 1) to identify the essential elements of ecological literacy, in the form of a framework 
that reflected a collective view of current ecologists while accounting for diversity in their 
perspectives; 2) to identify a set of pathways toward ecological literacy that reflected a collective 
view of current ecologists while accounting for diversity in their perspectives; and 3) to 
determine whether and how respondents‟ perspectives on ecological literacy were related to their 
academic and professional training and experience. 
 I addressed these objectives by focusing on the following research questions: 
 1) What are the common dimensions underlying respondents‟ definitions of the 
 essential elements of ecological literacy? 
 2) With respect to these dimensions, are there distinctive clusters of responses (i.e., 
 emphases) and if so, what are these emphases? 
 3) What are the common dimensions underlying respondents‟ definitions of the 
 pathways toward ecological literacy? 
 4) With respect to these dimensions, are there distinctive clusters of responses (i.e., 
 emphases), and if so,  what are these emphases? 
5) Do respondents with similar emphases regarding the elements of ecological literacy 
differ from each other in terms of their training and experience, and if so, how do they 
differ? 
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Table 1.  Summary of research objectives, questions, and associated statistical procedures. 
Research Objectives  Research Questions  Statistical Procedures 
     
To identify a framework for 
ecological literacy that reflected 
a collective view while 
accounting for a diversity of 
perspectives. 
 
 1.  What are the common dimensions underlying respondents‟ definitions 
of ecological literacy? 
 Factor analysis  
 
 
 
 
 2.  With respect to these dimensions, are there distinctive groupings of 
responses (i.e.,emphases), and if so, what are these emphases? 
 Cluster analysis 
 
 
 
 
To identify a set of pathways 
toward ecological literacy that 
reflected a collective view while 
accounting for a diversity of 
perspectives. 
 
 3.  What are the common dimensions underlying respondents' definitions 
of the pathways toward ecological literacy? 
 Factor analysis  
 
 
 
 
 4.  With respect to these dimensions, are there distinctive groupings of 
responses (i.e.,emphases), and if so, what are these emphases? 
 Cluster analysis 
 
 
 
 
To explore whether and how 
respondents‟ perspectives on 
ecological literacy were related 
to their own academic and 
professional training and 
experience. 
 5.  Do clusters of respondents with similar emphases with respect to the 
elements of ecological literacy differ from each other demographically, 
and if so, how do they differ? 
 Cross-tabulation,           
Pearson's chi-square 
 
 
 
 
 6.  Do clusters of respondents with similar emphases with respect to the 
pathways toward ecological literacy differ from each other 
demographically, and if so, how do they differ? 
 Cross-tabulation,           
Pearson's chi-square 
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6) Do respondents with similar emphases regarding the pathways toward ecological 
literacy differ from each other in terms of their training and experience, and if so, how do 
they differ? 
 
Collection and Preparation of Data 
The 2007 ESA Vice Presidents‟ Survey on Ecological Literacy was designed to solicit 
the perspectives of professional ecologists and other members of the ESA on the nature of 
ecological literacy (Appendix 1).  Because the ESA is the oldest, largest, broadest, and most 
widely published professional organization for ecology in the world, it was deemed a suitable 
population for this study.  The ESA is comprised mainly of professional ecologists and graduate 
students in the ecological sciences, but with a rapidly growing number of social scientists, 
teachers, and other professionals from environment-related and other disciplines (ESA, 2011).  
In 2007, the year that this study was conducted, the ESA was comprised of 10,228 registered 
members (ESA, 2007).  For this study, I assumed that the ESA was fairly representative of the 
diversity of expertise in the field of ecology as a whole.   
The survey was written and administered using the Internet tool Surveymonkey 
(SurveyMonkey, Menlo Park, CA).  Because the intent was to openly invite and explore 
perspectives, all items on the survey were purposefully designed to be open-ended, as opposed to 
forced-answer (Rubin & Babbie, 2005; Creswell, 2003).  This gave respondents the opportunity 
to answer, in their own words, each prompt rather than being limited to selecting from a series of 
pre-determined responses.  The survey asked respondents to provide some demographic 
information and what they deemed to be the most important elements of, pathways toward, and 
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indicators of ecological literacy.  The three survey prompts were (see Appendix 1 for more 
detail): 
 1) What are the essential elements of ecological literacy?  What are the top 5 things 
 every American- high school graduate or adult- should know, feel, or be able to do to be 
 considered ecologically literate?   
 2) What are the pathways toward ecological literacy?  What are the top 5 pathways that 
 every American- high school graduate or adult- needs in order to become ecologically 
 literate?   
 3) What are the indicators of ecological literacy (optional)?  What are the top 5 indicators 
 for assessing whether any given American- high school graduate or adult- is ecologically 
 literate? 
 In addition to each prompt, respondents were given the option to provide further 
comments if they wished.  My study focused on the responses to Questions 1 and 2, i.e., 
responses related to the elements of and pathways toward ecological literacy.  However, some 
respondents referred to elements and/or pathways in their responses to the third question.  I 
added these “misplaced” responses to the elements and pathways data sets that I analyzed.   
 
Sampling Frame and Administration of Survey  
 All registered ESA members are automatically subscribed to the ESA e-mail listserv, 
which constituted the sampling frame for this study (i.e., following Rubin & Babbie, 2005).  The 
survey was administered via a nonprobability/convenience sampling approach to all members on 
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the listserv (Rubin & Babbie, 2005).  In May, 2007, an e-mail letter including a link to the online 
survey was sent to all ESA members via the listserv (Appendix 1).  A reminder e-mail was sent 
out in August, 2007, and the survey closed in September, 2007.  Survey results were collected 
and downloaded into an Excel workbook by SurveyMonkey.  A total of 1,583 respondents 
initially logged in to the survey.  Duplicate and/or incomplete cases were identified and removed, 
as detailed in the next section, yielding a total of 1,032 validated cases (Figure 2).  This 
constituted a meaningful response rate of approximately 10%., which is considered quite low.  A 
response rate of at least 50% is generally preferred for analysis and reporting (e.g., Rubin & 
Babbie, 2005); however, the American Association for Public Opinion Research (2011) now 
discourages against considering response rate as a primary arbiter of survey quality.  Yet, given 
the relatively low response rate, it was particularly important to compare the demographics of the 
sample to the demographics of the population as a whole, to determine the extent of non-
response bias (Rubin & Babbie, 2005).  A rough comparison of the demographic characteristics 
of the sample to those available for the 2007 ESA member population as a whole indicated that 
the sample was quite representative of the population, though students were somewhat 
underrepresented in the sample (Figures 1a-d, Chapter 4).  Therefore, despite the rather low 
response rate, I felt that the sample was a fair representation of the population. 
  A total of 1,032 individuals provided demographic information and at least one 
meaningful elements response.  Of these individuals, 905 also provided at least one meaningful 
pathways response (Figure 2).  No individuals provided a pathways response without first 
providing demographic information and at least one elements response. 
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 All 2007 ESA Registered Members 
10,228 
Respondents who logged in to survey 
1,583 
Respondents who provided demographic 
information and ≥ 1 meaningful written response 
1,032 
Respondents who provided demographic 
information and ≥ 1 meaningful elements response 
1,032 
Respondents who provided demographic 
information and ≥ 1 meaningful pathways response 
905 
1,032 905 
Clust. 
1 
589 
Clust. 
2 
50 
Clust. 
3 
180 
Clust. 
4 
213 
Clust. 
1 
198 
Clust. 
2 
52 
Clust. 
3 
69 
Clust. 
4 
586 
(Duplicate and/or incomplete cases removed) 
(Survey e-mailed to all members) 
(Elements) (Pathways) 
(Factor analysis) 
(Cluster analysis) 
Figure 2. Number of cases at each stage of analysis. 
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Data Coding 
 To begin preparing the data for analysis, the data set was first examined for the presence 
of duplicate and/or incomplete cases.  The data were sorted by respondents‟ IP addresses so that 
cases with the same IP address could be easily and closely compared.  True duplicate cases, 
which likely resulted from computer error (e.g., the respondent clicked the “Submit” button more 
than once) were removed, leaving a single case.  In some instances, it was evident that the 
respondent logged in once to complete a portion of the survey, and then logged in again to 
complete the survey or begin it again.  These incomplete cases were combined to yield a single 
case for that respondent.  Cases that included no meaningful information were removed (e.g., the 
respondent simply clicked through the survey without answering any questions).  Cases in which 
the respondent provided demographic data but no meaningful written responses were also 
removed.  As such, a total of 551 cases were removed prior to data analysis.  
 Generation of coding schemata.  Because the open-ended survey items resulted in 
nonnumeric responses (with exception of year of highest degree), the data were coded to reduce 
a wide variety of very idiosyncratic items of information to a more limited set of attributes that 
composed a variable (Rubin & Babbie, 2005).  This step prepared the data for later quantitative 
analysis.  Through an iterative process of reviewing, categorizing, and sorting the responses to 
each question, an extensive series of code categories, or variables, was created.  Data were coded 
with special effort to reflect the original detail of each response, as coding variables could always 
be later combined into fewer gross variables or general categories but not vice versa (Rubin & 
Babbie, 2005).  Separate coding schemata were developed and used to code the responses to 
each of the survey prompts (summarized in Table 2; all coding schemata are included in 
Appendix 2). 
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 Coding rules and exceptions.  Because special effort was made to reflect the original 
detail of each response, individual responses often were assigned more than one original coding 
variable.  For example, the response “biodiversity” was assigned the code EB, whereas the 
response “biodiversity, evolution, and habitat” was assigned the code EB-EE-EH (Table 6, 
Appendix 2).  As a rule, initial variable codes were assigned based on the explicit content of the 
response only; I did not make assumptions about the implicit meaning of the response.   For 
example, the response “biogeochemical cycles” was assigned the code EG (Biogeochemical/ 
Nutrient Cycling (general), Table 6, Appendix 2).  Alternately, the response “carbon and 
nitrogen cycles” was assigned the codes EC-ER (Carbon Cycle/Photosynthesis/Respiration and 
Nitrogen Cycle, Table 6, Appendix 2).  These two responses were not assumed to have the same 
meaning; therefore, they were assigned unique codes.   
 Respondents‟ definitions of the essential elements of ecological literacy tended to be 
comprised of relatively simple lists of items that fell into six broad conceptual categories, which 
I termed: 1) ecology concepts, 2) human dimensions, 3) nature of science/skills, 4) affect, 5) 
natural history, and 6) other subjects.  These categories are defined in Table 3 and the coding 
schema is presented in Table 6, Appendix 2.  Respondents‟ definitions of the essential pathways 
toward ecological literacy were generally composed quite differently than the elements 
responses, and were more challenging to code.  I determined that the pathways responses tended 
to be comprised of one or more general categories, which I termed: 1) sector, 2) target, 3) action, 
and 4) promoter.  These categories are defined in Table 4 and the coding schema is presented in 
Table 7, Appendix 2.   
 Due to the more complex composition of the pathways responses in general, three main 
exceptions were made to the previously stated rule of coding only the explicit content of the 
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response.  The first exception pertained to responses about education.  In most cases, respondents 
specified both a sector and a target when referring to education; e.g., the response “students in 
schools” was assigned the code E-7 (Education and Students (unspecified level), Table 7, 
Appendix 2).  However, some respondents stated “students,” but not “schools,” and vice versa.  
In these cases, I assumed that both types of responses referred to “students in schools,” and 
assigned the code E-7 (Table 7, Appendix 2).  
 The second coding exception also pertained to responses about education.  In some cases, 
respondents specified the action coded C (e.g., “coursework”), L (e.g., “laboratory exercises”), A 
(e.g. “case studies”) and/or O (specifically, “field trips”) without specifying the sector or target.  
In these cases, I also assumed that the respondent was referring to the sector of education and the 
target of students.  For example, the response “coursework” was coded E7C and the response 
“field trips” was coded E7O (Table 7, Appendix 2).    
 The third exception pertained to responses about the media.  In most cases, respondents 
simply stated “media” or “television” as a pathway (coded M) without specifying the target or 
action.  Here I assumed that the respondent was referring to the target of the general public and 
the action of viewing or listening.  For example, the response “television” was coded MN1 
(Media, General Public, and Reading/Viewing/Listening; Table 7, Appendix 2). 
With respect to their demographic information (Tables 1-5, Appendix 2), some 
respondents provided more than one answer to a given prompt.  In these cases, I decided to use 
the first as their primary answer.  For example, for current position title, a respondent might have 
stated “professor and researcher.”  For data summarization purposes, I assumed that “professor” 
was the primary position and assigned the code R (Table 4, Appendix 2).   
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Table 2.  Description and location of coding schemata for the responses to each survey prompt. 
 
Survey Prompt/Question Description of Coding Schema Location  
   
 Please tell us a little about your background.   
   
o Highest Degree 13 coding variables in 5 general categories Table 1, Appendix 2 
   
o Year of Highest Degree 7 coding variables in 2 general categories Table 2, Appendix 2 
   
o Field of Highest Degree 62 coding variables in 5 general categories Table 3, Appendix 2 
   
o Current Position Title 20 coding variables in 5 general categories Table 4, Appendix 2 
   
o Current Field/Ecological Specialty 59 coding variables in 5 general categories Table 5, Appendix 2 
   
 What are the essential elements of ecological literacy? 65 coding variables in 6 general categories Table 6, Appendix 2 
   
 What are the essential pathways toward ecological literacy? 35 coding variables in 4 general categories Table 7, Appendix 2 
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Table 3.  Description of general conceptual categories comprising respondents‟ definitions of the 
elements of ecological literacy. 
Category Description  
  
 Ecology Concepts Ecological concepts, not specifically related to humans 
 
 Human Dimensions Ecological concepts, specifically related to humans 
 
 Nature of Science/Skills Ecological/scientific/critical thinking skills and application 
 
 Affect Feelings, emotions about ecology or environment 
 
 Natural History Familiarity with local natural history, able to identify local organisms 
 
 Other Subjects Literacy in other subjects, e.g., math, chemistry 
 
 
 
 
Table 4.  Description of general conceptual categories comprising respondents‟ definitions of the 
pathways toward ecological literacy. 
Category Description  
  
 Sector Where/By Whom?  What segment of society should be responsible for 
promoting ecological literacy/where the promotion of ecological literacy 
should take place.  
 
 Target For Whom?  The segment of society in which ecological literacy should be 
promoted. 
 
 Action Doing What?  What should be done to promote ecological literacy. 
 
 Promoter How?  How the promotion of ecological literacy may be facilitated. 
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 Validation of coding schemata.  The final coding schemata for the elements and pathways 
responses were reviewed by two experts in ecology and ecology education, Carol Brewer and 
Alan Berkowitz, to confirm their validity.  For this review, each coding variable was presented 
along with a random selection of up to 20 responses assigned that code.  When consensus was 
reached that the coding variables accurately reflected the content of the responses, the schema 
was accepted.  Because coding was based solely on the explicit content of the response (with the 
few noted exceptions), further external validation of the coding schemata was deemed 
unnecessary. 
 Binary coding of elements and pathways responses.  The final step in preparing the data 
for analysis was to apply a binomial coding schema to the coded elements and pathways 
responses.  Respondents were assigned a “1” or a “0” for each of the 66 elements variables and 
each of the 35 pathways variables (i.e., they either mentioned a specific concept or aspect (1) or 
did not (0)).  In this way, a respondent who mentioned biodiversity once was treated the same as 
a respondent who mentioned it multiple times.  This represented a slight loss of information; 
however, it could not be assumed that a person who mentioned biodiversity three times was any 
more emphatic about their response than a person who stated it once.  By assigning each 
respondent a complete string of 1‟s and 0‟s, there were no missing data (Hair et al., 1998).  Thus, 
binary coding was an effective means of treating the data prior to analysis.   
 
Statistical Analysis 
 My overall approach to the statistical analysis is summarized in Table 1.  All statistical 
analyses were performed using SPSS Statistics Gradpack 17.0 (SPSS Inc., Chicago, IL).   
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Factor Analysis: Overview 
 The goal of the first phase of analysis was to identify the common dimensions underlying 
respondents‟ definitions of the elements of and pathways toward ecological literacy (Table 1). 
Factor analysis was chosen as an appropriate statistical method for this purpose (De Vellis, 1991; 
Tabachnick & Fidell, 2001; Field et al., 2009).  I considered the elements and pathways 
responses separately, but followed the same analytical approach for each data set. 
 Factor analysis is a general name given to a class of multivariate statistical methods with 
two primary purposes: 1) to identify a set of common underlying dimensions, or factors, in a data 
set by analyzing the interrelationships (correlations) amongst a large number of variables, and 2) 
to reduce a data set to a more tractable size while reflecting as much of the original information 
as possible (Hair et al., 1998; Field, 2009).  According to Field (2009), reducing a data set from a 
group of interrelated variables to a smaller set of factors allows the researcher to achieve 
parsimony by explaining the maximum amount of common variance in a correlation matrix 
using the smallest number of explanatory constructs (p. 629).  Once the underlying dimensions 
are identified, interpreted and understood, the researcher can describe the data using a much 
smaller number of concepts than the original variables.  Additionally, composite scores for each 
underlying dimension (i.e., factor scores) can be calculated and substituted for the original 
variables in later analyses.   
 Factor analysis can be approached from either an exploratory or confirmatory perspective 
(Hair et al., 1998).  It is appropriate for searching for structure amongst a set of variables and/or 
a means of data reduction (exploratory), or for testing pre-conceived notions about the structure 
of the data or the precise number of factors (confirmatory).  In this study, because no a priori 
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constraints were to be placed on the estimation of data structure or the number of factors to be 
extracted, factor analysis was approached from an exploratory perspective. 
  
Factor Analysis: Initial Considerations 
 Measurement: binary data in factor analysis.  There is some concern over whether or not 
classical factor analysis is appropriate for the treatment of binary data (Hair et al., 1998; Field, 
2009).  Variables for factor analysis are generally assumed to be of metric measurement, yet 
binary, or dummy variables (coded 0-1) are considered non-metric.  In this study, respondents 
were assigned a “1” or a “0” for each of the variables (i.e., they either mentioned a specific 
concept or aspect (1) or did not (0).  Because of the open-ended nature of the survey, this 
represented a presence-absence coding of the responses.  Woods (2002) reviewed the issues that 
can arise from factor-analyzing binary data, concluding that this procedure can lead to 
overestimation of the number of factors and underestimation of the factor loadings.  Woods 
compared the results of a classical factor analysis (FA) to the results of two other factor analytic 
strategies considered theoretically more appropriate for analyzing binary data (weighted least 
squares factor analysis of tetrachoric interitem correlations (WLS) and full-information item 
factor analysis (FIFA)), using the same data set.  The three methods produced very similar factor 
structures, though FA was slightly more conservative in the magnitude of the factor loadings 
than WLS or FIFA (Woods, 2002).  Because classical factor analysis yielded a very similar 
factor structure compared to the other strategies, I selected it for the analysis for the binary data 
in this study.  The potential that the resulting factor loadings may err on the conservative side 
was recognized and regarded as non-problematic. 
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 Sample size.  Regarding the sample size necessary for factor analysis, Hair et al. (1998) 
recommend that, as a general rule, a researcher should have at least five times as many cases as 
there are variables to be analyzed, with a ten-to-one ratio being preferable.  The essential 
elements data set included 1032 cases and 66 variables (a 16:1 ratio), and the essential pathways 
data set includes 905 cases and 35 variables (a 26:1 ratio).  Therefore, sizes of both the elements 
and pathways data sets were considered more than adequate for factor analysis. 
 Conceptual assumptions.  The assumptions underlying factor analysis are more 
conceptual than statistical (Hair et al., 1998).  Factor analysis is method of quantifying the 
interdependence amongst a set of observations; it is not a statistical inference technique in which 
results from a sample are interpreted as statistically representative of a population.  Therefore, 
the requirements of normality, linearity, and homoscedasticity that are critically important in 
other techniques have little bearing on factor analysis (Hair et al., 1998).  A basic assumption of 
factor analysis is that some underlying structure does exist in the set of selected variables, and 
that the researcher must take responsibility to ensure that the observed patterns are conceptually 
valid.  Indeed, there was some very apparent structure among the codes in that many could be 
logically nested within others.  For example, “nitrogen cycle” could be logically nested within 
“biogeochemical cycles.” However, as a rule, I assigned the initial variable codes based on the 
explicit content of the response only, and did not make assumptions about the implicit meaning 
of the responses or how they might be nested (See Coding Rules and Exceptions).    The 
researcher must also ensure that the sample is relatively homogenous with respect to the 
underlying factor structure, i.e., the sample is not divided into drastically different interest groups 
(Hair et al., 1998).  I considered both of these assumptions with respect to the elements and 
pathways data and determined that it was appropriate to proceed. 
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 It is important that there are appropriate and sufficient correlations to warrant the 
application of factor analysis.  First, a correlation matrix of the data should be scanned to identify 
two potential problems: 1) large numbers of correlations that are not high enough (r < 0.3); and 
2) large numbers of correlations that are too high (r < 0.8).  Field (2009) and Hair et al. (1998) 
warn that a data matrix with a substantial number of correlations below 0.3 may not be 
appropriate for factor analysis; however, Field (2009) explains that this approach is very 
subjective because every data set is different, and even very small correlations may be significant 
in large samples.  Visual inspection of the elements and pathways correlation matrixes revealed 
that the majority of correlations were below 0.3.  Although these values were low, I proceeded 
with the analysis, recognizing the potential limitations of the data set. 
 An examination of the correlation matrix of the elements data set revealed that the 
variables “art, biology, chemistry, and physics” were highly correlated amongst themselves 
relative to the other variables, proving consistently problematic in pilot analyses.  Further 
exploration revealed that this issue of multicollinearity was due to fewer than ten individuals 
who mentioned these variables in combination.  I decided to exclude these four variables from 
the analysis because I did not feel they were representative of the data set as a whole.  This is not 
to suggest that these responses were not important, but that they were outliers from the broad 
range of responses.  The variable “species interactions” also exhibited multicollinearity with 
numerous other variables (which proved consistently problematic in pilot analyses) and was 
removed.  Thus, 60 of the original 65 elements variables were retained for the initial factor 
analysis.  The ultimate consequences of removing these variables, with respect to interpreting the 
results, is uncertain, but the weight of evidence influenced and supported my decision to remove 
them before proceeding with the analyses.   
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 An examination of the correlation matrix of the pathways data also revealed several 
variables that were highly intercorrelated relative to the other variables.  I determined that this 
situation was due in large part to the coding exceptions/assumptions (See Coding Rules and 
Exceptions), and was not limited to the responses of a few individuals.  Therefore, all 35 
pathways variables were retained for the initial factor analysis. 
 As a further step in assessing the appropriateness of factor analysis for these data, two 
additional methods that examine the entire correlation matrix were employed for both the 
elements and pathways data sets.  The first, Bartlett‟s test of sphericity, provides the statistical 
probability that there is significant intercorrelation amongst at least some of the variables (Hair et 
al., 1998, Field, 2009).  The second, the Kaiser-Meyer-Olkin (KMO) measure of sampling 
adequacy, quantifies the degree of intercorrelation amongst the variables.  The KMO statistic 
varies between 0 and 1.  As Field (2009) explains, a KMO value of 0 indicates that the patterns 
of correlations are highly diffuse, which suggests that factor analysis is likely inappropriate.  A 
value of 1 indicates that patterns of correlations are relatively compact, which suggests that 
factor analysis should yield distinct and reliable factors.  More specifically, KMO values below 
0.5 are considered unacceptable, values between 0.5 and 0.7 are mediocre, values between 0.7 
and 0.8 are good, values between 0.8 and 0.9 are meritorious, and values above 0.9 are 
considered superb (Field, 2009, citing Hutcheson & Sofroniou, 1999).   
 When applied to the elements data set, Bartlett‟s test of sphericity was significant (χ2 
(1770) = 4872.988, p < 0.001) and a KMO measure of sampling adequacy yielded a value of 
.629, which is considered mediocre (Hutcheson & Sofoniou, 1999; Table 5a).  Similarly, for the 
pathways data set, Bartlett‟s test was significant (χ2 (595) = 5092.235, p < 0.001) and a KMO 
measure of sampling adequacy yielded a value of .599, also considered mediocre (Table 5b).  
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Although the values were somewhat low, I proceeded with the analyses, recognizing the 
potential limitations of the data set. 
 
Factor Extraction Method: Principal Component Analysis 
 There are two different basic models commonly used to obtain a factor solution: 1) 
common factor analysis (CFA), and 2) principal component analysis (PCA).  These techniques 
differ in the types of variance that are used in the derivation of the factors: common, specific, 
and/or error variance (Hair et al., 1998).  According to Field (2000, p. 638)), factor analysis 
derives a mathematical model from which factors are estimated, compared to principal 
component analysis which merely decomposes the original data into a set of linear variates.   
 
Tables 5a and b.  KMO and Barlett‟s Tests of binary-coded elements and pathways responses. 
 
 
a. KMO and Bartlett‟s Tests of binary-coded elements responses  
 
Test test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .629 
Bartlett's Test of Sphericity Approx. Chi-Square 4872.983 
df 1770 
Sig. .000 
 
 
b. KMO and Bartlett‟s Tests of binary-coded pathways responses  
 
Test test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .599 
Bartlett's Test of Sphericity Approx. Chi-Square 5092.235 
df 595 
Sig. .000 
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There is considerable debate over which factor extraction method is more appropriate, yet 
empirical research and extensive literature reviews have shown that solutions derived from CFA 
versus PCA demonstrate nearly identical results, with some exceptions (e.g., see Hair et al., 
1998; Field, 2009).   
 Hair et al. (1998) state that the more restrictive assumptions and complications of CFA 
(e.g., factor indeterminancy) have contributed to the widespread use of PCA.  The use of PCA 
over CFA is preferable when the intent is to use the resulting factor scores for further analysis 
because PCA results in a single unique solution whereas CFA does not.  Given that PCA is more 
widely used and that factor scores were indeed intended for further analysis, I selected PCA as 
the factor extraction method for this study.  Factors and components are mathematically different 
constructs; yet, for simplicity, they are both referred to as factors throughout the literature (Field, 
2009; Hair et al. 1998).  Therefore, the term factor (rather than component) was used for the 
purposes of my study. 
 
Factor Extraction Criteria: Scree Plots 
A critical consideration in factor analysis is determining how many factors to extract.  
According to Hair et al. (1998, p. 103), when using a large set of variables in a factor analysis, 
first the combinations of variables explaining the greatest amount of variance are extracted and 
then combinations that account for smaller and smaller amounts of variance are extracted.  The 
most commonly used techniques for determining how many factors to extract are 1) the latent 
root criterion, or Kaiser‟s criterion, and 2) the scree plot criterion.  The latent root criterion 
automatically retains all factors with a latent root, or eigenvalue, greater than 1, whereas the 
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scree plot criterion allows the researcher to subjectively determine the optimum number of 
factors to extract.   
 In addition to other considerations, Field (2009) cautions against using the latent root 
criterion when the number of variables exceeds 30 because this will likely result in the extraction 
of too many factors.  In this situation, the scree plot criterion is preferable, as long as the sample 
size is greater than 200 (Field, 2009).  In the ecological literacy survey, because the number of 
variables in both the elements and pathways data sets exceeded 30, and the sample size of both 
data sets exceeded 200, the scree plot criterion was chosen as the appropriate technique for 
determining how many factors to extract. 
Through an iterative process of examining scree plots, performing PCAs with different 
numbers of factors specified for extraction, and examining the resulting factor solutions, the 
most representative and parsimonious set of factors possible was determined for both the 
elements and pathways data sets.  This process began with the examination of scree plots.  A 
scree plot for each data set was generated by plotting the amount of variance explained by each 
successive factor; i.e., each eigenvalue (y-axis) plotted against its associated factor (x-axis).  The 
point at which the curve began to straighten out, i.e., the point of inflexion, indicated the 
maximum number of factors to extract, and displayed the factors that contributed most to the 
explanation of variance in the original set of items (Field, 2009; Hair et al., 1998, De Vellis, 
1991).   
 A scree plot of the elements data depicted somewhat ambiguous points of inflexion at 4 
and 7 factors (Figure 3a).  Thus, trial analyses specifying the extraction of 3, 4, 5, or 6 factors 
were conducted (the factor at the actual point of inflexion should not be extracted; Field, 2009).  
86 
 
A similar procedure was conducted on the pathways data.  A scree plot of these data depicted a 
point of inflexion at 7 factors (Figure 3b), suggesting 5 or 6 factors for extraction.   
 
Factor Rotation 
 Factor rotation was performed to improve the interpretability of the factor solution.  
Factor rotation turns the reference axes of the factors about the origin such that variables are 
maximally loaded on only one factor (Hair et al., 1998; Field, 2009).  The influence of rotating 
the factor matrix is to redistribute the variance from earlier factors to later ones to achieve a 
simpler, more interpretable factor pattern (Hair et al., 1998, p. 107).  Two types of rotation can 
be performed: 1) oblique rotation or 2) orthogonal rotation.  In oblique rotation, the factors are 
allowed to correlate, whereas in orthogonal rotation, the factors remain uncorrelated.   
 While oblique rotation is hypothetically more appropriate for human response data (as it 
is difficult to argue that any psychological construct is not in any way correlated with another 
psychological construct (Field, 2009)), orthogonal rotation is more widely used and yields the 
simplest, most interpretable factor structure (Hair et al., 1998; Field, 2009).  Of the three main 
orthogonal rotation methods, varimax rotation best simplifies the interpretation of factors by 
yielding the most unambiguous loadings and is most recommended (Hair et al., 1998; Field, 
2009).  Because the clearest, most interpretable factor solutions were sought, varimax orthogonal 
rotations were performed on both the elements and pathways data prior to the examination of the 
factor matrixes.   
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Figures 3a and b.  Scree plots of binomial-coded responses for a) elements and b) pathways.  
Arrows and dashed lines indicate points of inflection used to estimate number of factors for 
extraction. 
a.  Elements  
b.  Pathways  
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 Interpretation of Factor Matrixes 
 Factor matrixes were examined and refined to reach the final, most representative and 
parsimonious solutions for both the elements and pathways data.  Factor matrixes consist of 
factor loadings, which represent the correlation between each original variable and its factor.  
The larger the absolute value of the factor loading, the more important the loading is in 
interpreting the matrix.  Hair et al. (1998) states that factor loadings greater than ± 0.3 meet the 
minimal level of practical significance, and are statistically significant for sample sizes of 350 or 
greater.  Further, Tabachnick and Fidell (2001) recommend choosing a cut-off value that clearly 
delineates the higher from the lower loadings in a matrix. 
 A factor loading value of 0.3 had both practical and statistical significance for the survey 
data, and clearly delineated the higher from lower loadings in the factor matrixes.  Thus, a cut-
off value of 0.3 was chosen as the criterion for deciding which loadings were significantly 
associated with each factor.  Factor loadings less than 0.3 were suppressed in the displayed 
matrixes to allow for easier viewing and interpretation.   
 Matrixes were then examined to identify variables that did not load significantly on any 
factor.  Hair et al. (1998) discuss the two options available for addressing such variables: 1) 
interpret the solution as is and simply ignore those variables, or 2) delete those variables and 
derive a new factor solution with those variables excluded.  These authors also recommend that 
variables which load significantly on more than one factor (i.e., cross-load) are candidates for 
exclusion because they complicate the interpretation of the factors, as they are not pure measures 
of a single dimension.  Ultimately, the objective of factor analysis is to minimize the number of 
significant loadings on each row of the factor matrix (i.e., to make each variable associate with 
only one factor; Hair et al., 1998).  Because the clearest, most parsimonious factor solutions were  
89 
 
sought for both the elements and pathways data, the factor models were re-specified and re-run 
with the exclusion of insignificant and/or cross-loading variables until final factor solutions were 
obtained in which all variables had a significant loading on a single factor.   
 Initial, intermediate, and final elements matrixes.  A series of trial PCAs (specifying the 
extraction of 3, 4, 5 or 6 factors) was performed with varimax rotation on the binomial-coded 
elements responses (60 of the original 66 variables, exclusions noted previously).  The best 
initial factor solution revealed 6 factors that together explained 20.3% of the variance in the data 
(Table 6a).  Examination of the matrix revealed 31 variables that did not load significantly on 
any of the factors (Table 6a).  These variables were removed, and the analysis was re-run with 
the remaining 29 variables.  This resulted in an intermediate factor solution, with 6 factors 
explaining 34.9% of the variance in the data (Table 6b).  Three variables, AR: Responsibility/ 
Ownership/Empowerment, HD: Direct Experience/Spending Time Outdoors, and HR: 
Reduce/Reuse/Recycle, did not load significantly on any of the factors (Table 6b).  These 
variables were removed, and the analysis was re-run with the remaining 26 variables, resulting in 
the final factor solution with 6 factors explaining 38.2% of the variance in the data (Table 6c).   
 As recommended by Hair et al. (1998), the KMO measure, Bartlett‟s tests, and scree plots 
were re-checked with each iteration.  The KMO measure continuously improved and Bartlett‟s 
test remained highly significant (p < .001) with each iteration (Tables 1a and b, Appendix 3).  
Scree plots also remained fairly consistent with each iteration (Figures 1a and b, Appendix 3).  
The final matrix (Table 6c) depicts the most representative and parsimonious factor solution for  
the elements responses as represented by the variables.  This final solution is presented again and 
the factors are interpreted and discussed in the next chapter. 
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  Initial, intermediate, and final pathways matrixes.  As discussed earlier, a series of trial 
PCAs (specifying the extraction of 5 or 6 factors) also were performed with varimax rotation on 
the binomial-coded pathways responses (all 35 original variables).  The best initial factor 
solution revealed 5 factors that together explained 29.6% of the variance in the data (Table 7a).  
Examination of the matrix revealed 14 variables that did not load significantly on any of the 
factors and 2 variables (E: Education and ^: Required/Mandated/Policy) that loaded on more 
than one factor (Table 7a).  These variables were removed, and the analysis was re-run with the 
remaining 19 variables.  This resulted in the first intermediate factor solution, with 5 factors 
explaining 47.9% of the variance in the data (Table 7b).  One variable (I: Informal Education) 
loaded on more than one factor (Table 7b).  This variable was removed, and the analysis was re-
run with the remaining 18 variables, resulting in the second intermediate solution with 5 factors 
explaining 49.7% of the variance in the data (Table 7c).  One variable (K: K-12 Students) did not 
load significantly on any of the factors (Table 7c).  This variable was removed and the analysis 
was re-run with the remaining 17 variables, resulting in a final factor solution with 5 factors 
explaining 52% of the variance in the data as represented by the variables (Table 7d).    
 The KMO measure remained consistent and Bartlett‟s test remained highly significant (p 
< .001) with each iteration (Tables 2a and b, Appendix 3).  Scree plots also remained consistent 
with each iteration (Figures 2a and b, Appendix 3).  The final matrix (Table 7d) depicts the most 
representative and parsimonious factor solution for the pathways responses as represented by the  
variables.  This final solution is presented again and the factors are interpreted and discussed in 
the next chapter. 
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Table 6a . Initial varimax-rotated factor solution for binary-coded elements response items (60 
items, 1032 total respondents).  Factor loadings < 0.3 were suppressed to allow for easier 
viewing of the matrix. 
 Factor 
Elements item 1 2 3 4 5 6 
EC: Carbon Cycle/Photosynthesis/Respiration .730      
EW: Water Cycle/Watershed .633      
ER: Nitrogen Cycle .583      
EG: Biogeochemical/Nutrient Cycling (general) .488      
EF: Food Webs, Chains/Trophic Cascades .363      
ED: Dynamic/Changing/Stochastic/Probabilistic       
HF: Food for Humans, Sources of/Agriculture Impacts  .631     
HW: Water, Human Dependence on/Impacts on  .583     
HY: Energy Production for Humans  .560     
HA: Waste, Fate of/Trash/Sewage  .515     
HX: Ecological Footprint  .331     
HE: Resources for Humans, Finite/Overharvesting       
HP: Human Population Growth/Overpopulation       
HS: Ecosystem Services, Human Dependence On       
EA: Adaptation/Life Cycles/Life History Strategies       
EO: Organization/Taxonomy/Classification       
EV: Vegetation       
SC: Critical Thinking   .601    
SS: Scientific Method/Inquiry/Process   .550    
SM: Critical Evaluation of Media/Issues/Newspapers   .492    
SR: Reading/Communicating Scientific Information   .455    
SU: Uncertainty, Role of/Probability/Statistics   .397    
SE: Ecology, Definition of/What is Ecology?   .390    
SY: Systems Thinking       
HU: Sustainability       
SV: Ecology versus Environmentalism/Advocacy       
HM: Management, Use of Land/Conservation/Restoration       
EQ: too vague for further classification       
AP: Feel Part of/Interconnected       
EE: Evolution/Natural Selection       
EP: Population Dynamics/Carrying Capacity       
AR: Responsibility/Ownership/Empowerment    .400   
HR: Reduce/Reuse/Recycle, "Go Green"    .388   
HD: Direct Experience/Spending Time Outdoors    .356   
ET: Thermodynamics/Energy Flow (general)       
HQ: Policy, Social Science, Legislation, Voting       
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Table 6a. (continued).  
  
 Factor 
Elements item 1 2 3 4 5 6 
EZ: Scale, Temporal/Spatial       
AC: Curiosity/Interest/Motivation to Learn       
HT: Stewardship       
HN: Negative Impacts of Humans (general)       
I: Identification of Local Plants, Animals/Natural History       
AA: Appreciation/Awe/Respect/Compassion       
HL: Lifestyle, Impacts of/Consumerism       
HH: Habitat Loss/Fragmentation     .559  
HB: Biodiversity Loss/Extinction/Human Dependence on     .524  
HC: Climate Change/Carbon Emissions     .508  
HV: Invasive/Introduced Species, Disease     .475  
HG: Biogeochemical Cycles, Human Impacts on     .316  
EI: Interconnectedness/Interaction of Everything       
HI: Humans Interconnected/Part of Ecosystem       
HO: Pollution/Biomagnification       
ES: Ecosystem Concept/Dynamics/Fxns/Processes       
EU: Disturbance      .547 
EY: Succession      .538 
EM: Biome      .395 
EH: Habitat/Biogeography/Distribution and Abundance      .361 
EN: Niche      .335 
EL: Climate/Atmosphere/Weather (not climate change)       
EB: Biodiversity/Species Rarity, Abundance       
HZ: Evolution, Human Manipulation of (GMOs)       
Eigenvalues 2.792 2.558 1.978 1.704 1.594 1.514 
% of variance 4.7% 4.3% 3.3% 2.8% 2.7% 2.5% 
Total variance accounted for by rotated factors: 20.3%       
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Table 6b.  Intermediate varimax-rotated factor solution for binary-coded elements response 
items (29 items, 1032 total respondents).  Factor loadings < 0.3 were suppressed to allow for 
easier viewing of the matrix. 
 Factor 
Elements item 1 2 3 4 5 6 
EC: Carbon Cycle/Photosynthesis/Respiration .773      
ER: Nitrogen Cycle .685      
EW: Water Cycle/Watershed .658      
EG: Biogeochemical/Nutrient Cycling (general) .523      
EF: Food Webs, Chains/Trophic Cascades .385      
HF: Food for Humans, Sources of/Agriculture Impacts  .714     
HW: Water, Human Dependence on/Impacts on  .626     
HY: Energy Production for Humans  .619     
HA: Waste, Fate of/Trash/Sewage  .586     
HX: Ecological Footprint  .323     
SM: Critical Evaluation of Media/Issues/Newspapers   .705    
SC: Critical Thinking   .688    
SR: Reading/Communicating Scientific Information   .607    
HB: Biodiversity Loss/Extinction/Human Dependence on    .644   
HH: Habitat Loss/Fragmentation    .638   
HC: Climate Change/Carbon Emissions    .547   
HV: Invasive/Introduced Species, Disease    .536   
HG: Biogeochemical Cycles, Human Impacts on    .395   
EY: Succession     .540  
EU: Disturbance     .531  
EH: Habitat/Biogeography/Distribution and Abundance     .455  
EN: Niche     .401  
AR: Responsibility/Ownership/Empowerment       
EM: Biome     .333  
SU: Uncertainty, Role of/Probability/Statistics      .601 
SS: Scientific Method/Inquiry/Process      .557 
SE: Ecology, Definition of/What is Ecology?      .337 
HD: Direct Experience/Spending Time Outdoors       
HR: Reduce/Reuse/Recycle, "Go Green"       
Eigenvalues 2.182 2.105 1.733 1.458 1.382 1.253 
% of variance 7.5% 7.3% 6.0% 5.0% 4.8% 4.3% 
Total variance accounted for by rotated factors: 34.9%       
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Table 6c. Final varimax-rotated factor solution for binary-coded elements response items (26 
items, 1032 total respondents).  Factor loadings < 0.3 were suppressed to allow for easier 
viewing of the matrix. 
 Factor 
Elements item 1 2 3 4 5 6 
EC: Carbon Cycle/Photosynthesis/Respiration .771      
ER: Nitrogen Cycle .692      
EW: Water Cycle/Watershed .654      
EG: Biogeochemical/Nutrient Cycling (general) .525      
EF: Food Webs, Chains/Trophic Cascades .399      
HF: Food for Humans, Sources of/Agriculture Impacts  .711     
HY: Energy Production for Humans  .635     
HW: Water, Human Dependence on/Impacts on  .610     
HA: Waste, Fate of/Trash/Sewage  .594     
HX: Ecological Footprint  .328     
HH: Habitat Loss/Fragmentation   .639    
HB: Biodiversity Loss/Extinction/Human Dependence on   .639    
HV: Invasive/Introduced Species, Disease   .550    
HC: Climate Change/Carbon Emissions   .544    
HG: Biogeochemical Cycles, Human Impacts on   .392    
SM: Critical Evaluation of Media/Issues/Newspapers    .743   
SC: Critical Thinking    .684   
SR: Reading/Communicating Scientific Information    .576   
SU: Uncertainty, Role of/Probability/Statistics     .691  
SS: Scientific Method/Inquiry/Process     .662  
SE: Ecology, Definition of/What is Ecology?     .379  
EY: Succession      .543 
EH: Habitat/Biogeography/Distribution and Abundance      .533 
EU: Disturbance      .489 
EM: Biome      .480 
EN: Niche      .413 
Eigenvalues 2.157 2.061 1.728 1.448 1.368 1.166 
% of variance 8.3% 7.9% 6.74% 5.6% 5.3% 4.5% 
Total variance accounted for by rotated factors: 38.2%       
 
 
 
 
95 
 
Validation of Final Factor Solutions 
 Validation involves assessing the degree of generalizability of the factor solution to the 
population.  Validation is especially critical for interdependence methods such as factor analysis 
because these methods describe a data structure that should be representative of the population 
(Hair et al., 1998).  The stability, or robustness, of the final factor solution is important to the 
validation of factor analysis (Hair et al., 1998).   
 To assess the robustness of a final factor solution, Hair et al. (1998) recommend 
randomly splitting the sample into two subsets and estimating the same final factor model for 
each subset.  A comparison of the two resulting factor matrixes (to each other and to the whole-
sample solution) allows assessment of the robustness of the final solution across the sample.  
This procedure was performed with each of the elements and the pathways data sets.  The data  
sets were each split into two even subsets (cases with even versus odd Respondent ID numbers), 
the respective final factor models were specified, and the final matrixes were compared.  These 
validation matrixes are presented in Appendix 4.  Factor solutions for both subsets of the 
elements data were nearly identical to each other and the whole-sample solution, as were both 
subsets of the pathways data (Appendix 4).  Therefore, both the elements and pathways final 
factor solutions were deemed to be robust. 
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Table 7a. Initial varimax-rotated factor solution for binary-coded pathways response items (35 
items, 905 total respondents).  Factor loadings < 0.3 were suppressed to allow for easier viewing 
of the matrix. 
 Factor 
Pathways item 1 2 3 4 5 
M: Media (TV, Internet, Newspaper, etc.) .926     
N: Communities/Citizens/General Public .894     
1: Reading/Viewing/Listening .853     
I: Informal Education (Museums, Nature Centers, etc.) .307     
R: Religion      
C: Course/Class/Lecture/Curriculum/Instruction  .598    
H: High School Students  .577    
U: University, College Students  .546    
K: K-12 Students  .400    
D: Adults  .349    
Y: Youth/Elementary Students  .347    
Q: Quantitative Calculations/Modeling/Simulations      
3: Identification/Collection      
X: Government   .794   
$: Funding/Financial Incentive/Taxing   .713   
2: Green Activities (e.g., Recycling, Conserving Energy)   .544   
^: Required/Mandated/Policy  .431 .522   
A: Applied/Hands-On/Case Studies/Problem Solving      
V: Volunteering/Service/Activism/Internships      
7: Students (unspecified level)    .831  
E: Education (Formal, Schools)  .568  .584  
O: Outside Experience, Access/Field Trips    .434  
L: Labs/Inquiries/Experiments/Research    .325  
Z: Critical Thinking      
J: Real World Examples/Making Relevant      
F: Farms/Sewage Plants/Dumps/Incinerator Visits      
S: Scientists     .752 
B: Debate/Discussion/Translation/Communication     .660 
G: Guided, Interpreted Interaction w Experts     .307 
5: Interpretive Displays/Booths      
T: Teachers      
W: Politicians      
4: Workshops      
P: Parents, Families      
6: Exclusion of Religion      
Eigenvalues 3.173 2.093 1.946 1.660 1.466 
% of variance 9.1% 6.0% 5.6% 4.7% 4.2% 
Total variance accounted for by rotated factors: 29.6%      
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Table 7b.  First intermediate varimax-rotated factor solution for binary-coded pathways response 
items (19 items, 905 total respondents).  Factor loadings less than 0.3 have been suppressed to 
allow for easier viewing of the matrix. 
 Factor 
Pathways item 1 2 3 4 5 
M: Media (TV, Internet, Newspaper, etc.) .939     
N: Communities/Citizens/General Public .906     
1: Reading/Viewing/Listening .875     
H: High School Students  .622    
C: Course/Class/Lecture/Curriculum/Instruction  .598    
U: University, College Students  .537    
Y: Youth/Elementary Students  .464    
D: Adults  .439    
I: Informal Education (Museums, Nature Centers, etc.) .302 .396    
K: K-12 Students  .308    
$: Funding/Financial Incentive/Taxing   .805   
X: Government   .790   
2: Green Activities (e.g., Recycling, Conserving Energy)   .575   
O: Outside Experience, Access/Field Trips    .669  
7: Students (unspecified level)    .652  
G: Guided, Interpreted Interaction w Experts    .496  
L: Labs/Inquiries/Experiments/Research    .480  
S: Scientists     .794 
B: Debate/Discussion/Translation/Communication     .779 
Eigenvalues 2.897 1.723 1.694 1.432 1.341 
% of variance 15.3% 9.1% 8.9% 7.5% 7.1% 
Total variance accounted for by rotated factors: 47.9%      
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Table 7c. Second intermediate varimax-rotated factor solution for binary-coded pathways 
response items (18 items, 905 total respondents).  Factor loadings less than 0.3 were suppressed 
to allow for easier viewing of the matrix. 
 Factor 
Pathways item 1 2 3 4 5 
M: Media (TV, Internet, Newspaper, etc.) .946     
N: Communities/Citizens/General Public .910     
1: Reading/Viewing/Listening .882     
H: High School Students  .641    
C: Course/Class/Lecture/Curriculum/Instruction  .635    
U: University, College Students  .575    
Y: Youth/Elementary Students  .455    
D: Adults  .424    
K: K-12 Students      
$: Funding/Financial Incentive/Taxing   .804   
X: Government   .790   
2: Green Activities (e.g., Recycling, Conserving Energy)   .579   
7: Students (unspecified level)    .677  
O: Outside Experience, Access/Field Trips    .653  
L: Labs/Inquiries/Experiments/Research    .488  
G: Guided, Interpreted Interaction w Experts    .484  
S: Scientists     .801 
B: Debate/Discussion/Translation/Communication     .785 
Eigenvalues 2.809 1.722 1.633 1.431 1.326 
% of variance 15.6% 9.6% 9.1% 8.0% 7.4% 
Total variance accounted for by rotated factors: 49.7%      
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Table 7d. Final varimax-rotated factor solution for binary-coded pathways response items (17 
items, 905 total respondents).  Factor loadings less than 0.3 were suppressed to allow for easier 
viewing of the matrix. 
 Factor 
Pathways item 1 2 3 4 5 
M: Media (TV, Internet, Newspaper, etc.) .947     
N: Communities/Citizens/General Public .911     
1: Reading/Viewing/Listening .880     
H: High School Students  .691    
C: Course/Class/Lecture/Curriculum/Instruction  .619    
U: University, College Students  .558    
Y: Youth/Elementary Students  .478    
D: Adults  .422    
$: Funding/Financial Incentive/Taxing   .804   
X: Government   .791   
2: Green Activities (e.g., Recycling, Conserving Energy)   .579   
7: Students (unspecified level)    .681  
O: Outside Experience, Access/Field Trips    .654  
L: Labs/Inquiries/Experiments/Research    .497  
G: Guided, Interpreted Interaction w Experts    .491  
S: Scientists     .800 
B: Debate/Discussion/Translation/Communication     .791 
Eigenvalues 2.781 1.689 1.618 1.429 1.325 
% of variance 16.4% 9.9% 9.5% 8.4% 7.8% 
Total variance accounted for by rotated factors: 52.0%      
 
 
Computation of Factor Scores 
 Having reached the most representative and parsimonious (and robust) factor solutions 
for both the elements and pathways data, factor scores were computed to be used in the next 
stage of the analysis.  Factor scores represented composite measures of each factor computed for 
each individual (Hair et al., 1998; Field, 2009).  The computation of factor scores created a 
smaller set of variables to characterize each individual‟s response (e.g., 6 factor scores as 
100 
 
opposed to the 60 elements variables).  The three main techniques for calculating factor scores 
are 1) the Regression method, 2) the Bartlett method, and 3) the Anderson-Rubin method (Field, 
2009).  The Anderson-Rubin method produces factor scores that are uncorrelated and 
standardized (i.e., they have a mean of 0 and a standard deviation of 1; Field, 2009).  The next 
stage of the analysis process, cluster analysis, required input variables to be standardized to allow 
for easier interpretation of the results (Hair et al., 1998; Norusis, 2010).  Therefore, elements and 
pathways factor scores were computed using the Anderson-Rubin method.   
 
Cluster Analysis: Overview 
 The goal of the second phase of analysis was to determine whether or not there were 
distinctive groupings of responses with respect to the previously identified dimensions (i.e., 
emphases), and to examine the nature of emphases (Table 1).  Factor analysis was used to 
identify the dimensions underlying the elements and pathways responses, and factor scores were 
computed as composite measures of an individual‟s response with respect to each dimension.  In 
the second phase of analysis, similar response emphases (as indicated by factor scores) were 
identified and grouped.  Cluster analysis was chosen as an appropriate statistical method for 
these purposes (Hair et al., 1998; Norusis, 2010). 
 Cluster analysis is a general name given to a class of multivariate statistical methods with 
the primary purpose of identifying groups of objects (in this case, respondents) that are similar to 
each other but different from those in other groups based on given selection criteria (Hair et al., 
1998; Norusis, 2010).   As a result, clusters have high internal (within-cluster) homogeneity and 
high external (between-cluster) heterogeneity (Hair et al., 1998, p. 473).  Typically, cluster 
analysis is used to: 1) achieve an empirical classification of individuals based on their responses, 
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2) simplify the data by considering individuals as members of clusters profiled by general 
characteristics, and/or 3) examine similarities or differences not possible to view when 
considering individuals separately.   
 Like factor analysis, cluster analysis can be approached from either an exploratory 
perspective to search for relationships or a confirmatory perspective to test hypotheses about the 
relationships between individuals or a precise number of groupings (Hair et al., 1998).  In this 
study, because no a priori constraints were to be placed on the estimation of groupings, cluster 
analysis was used as an exploratory tool. 
 
Cluster Analysis: Initial Considerations 
 Similar to factor analysis, the assumptions underlying cluster analysis are more 
conceptual than statistical.  Cluster analysis is a method of quantifying the structural 
characteristics of a set of observations; it is not a statistical inference technique in which results 
from a sample are interpreted as statistically representative of a population (Hair et al., 1998).  
Therefore, the requirements of normality, linearity, and homoscedasticity that are critically 
important in other techniques have little bearing on cluster analysis (Hair et al., 1998).   There 
are three important considerations when using this analysis: 1) multicollinearity, 2) 
standardization of variables, and 3) significant outliers. 
 Multicollinearity.  As in factor analysis, in cluster analysis it is important to avoid 
extreme multicollinearity (i.e., variables that are very highly correlated).  Multicollinear 
variables are implicitly weighed more heavily in cluster analysis (Hair et al., 1998).  In this 
study, input variables for the cluster analysis (factor scores) were computed from an 
orthogonally-rotated factor matrix, using the Anderson-Rubin method.  As discussed earlier, 
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these specifications resulted in factor scores that were uncorrelated.  Therefore, the issue of 
multicollinearity was not of concern. 
 Standardization of variables.  It is much easier to interpret the results of cluster analysis 
when all variables are on the same scale, i.e., they are standardized (Hair et al., 1998; Norusis, 
2010).  Standardized variables have a mean of zero and a standard deviation of one, making it 
much easier to compare them:  positive values are above the mean, negative values are below the 
mean, and the magnitude represents the number of standard deviations from the mean (Hair et 
al., 1998; Field, 2009).  As such, absolute values above 3.29 are significant outliers at p < 0.001 
(Field, 2009).  Because the input variables for cluster analysis (factor scores) were computed 
using the Anderson-Rubin method, they were already standardized and could be interpreted in 
this manner.    
 Significant outliers.  Cluster analysis, and K-means cluster analysis in particular, is 
sensitive to the inclusion of outliers, as outliers will usually be selected as the initial cluster 
centers, resulting in the formation of aberrant clusters with especially small numbers of cases 
(Hair et al., 1998; Norusis, 2010).  Therefore, before I used K-means cluster analysis, significant 
outliers had to be considered.  In this study, respondents who received a factor score > |3.29| on 
one or more of the dimensions were identified as significant outliers at p < 0.001 (Field, 2009).  
This included 109 individuals who gave elements responses and 50 individuals who gave 
pathways responses.  I examined these responses and did not feel that they were particularly 
extreme in nature, and decided that excluding them from the analysis would represent too great a 
loss of data.  Additionally, I was interested in the identifying and examining not only the larger, 
more typical clusters but also any smaller, more exceptional clusters that might emerge from the 
analysis.  Therefore, I decided to proceed with cluster analysis using all cases. 
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Cluster Analysis: Deriving Clusters 
 The most commonly used clustering algorithms fall into two general categories: 1) 
hierarchical, and 2) non-hierarchical (Hair et al., 1998).  Hierarchical clustering methods are not 
amenable to very large sample sizes > 500 (Hair et al., 1998; Norusis, 2010).  Given the large 
sample size in this study, a non-hierarchical (i.e. K-means) clustering algorithm was selected. 
 A critical consideration in cluster analysis is determining the final number of clusters to 
be formed (i.e., the stopping rule).  Yet, no standard, objective stopping rule exists (Hair et al., 
1998).  Numerous stopping rules and procedures have been proposed, but none prove 
substantially better in all situations (Hair et al., 1998).  As an alternative to selecting and 
employing a single stopping rule, Hair et al. (1998) recommend starting the process by 
specifying some criteria based on practical considerations, such as a manageable number of 
clusters (e.g., three to six), then solving for each number of clusters and selecting the best 
alternative after evaluating all of them (i.e., using a priori criteria, practical judgment, and/or 
theoretical foundations).  In particular, widely disparate cluster sizes or clusters with very few 
observations should be closely examined to ensure that they are valid structural representations 
of the sample (Hair et al., 1998; Norusis, 2010).   
 Separate K-means cluster analyses were performed on the elements and pathways factor 
scores.  Through an iterative process of performing trial analyses (specifying the formation of 3, 
4, 5, or 6 final clusters) and examining the resulting clusters and number of individuals in each 
cluster, the most representative, evenly-distributed cluster solutions possible were determined.  
This was a 4-cluster solution for the elements factor scores and 4-cluster solution for the 
pathways factor scores.  These final cluster solutions are presented and discussed in the next 
chapter. 
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Validation of Cluster Solutions 
 As with factor analysis, validation was especially critical for cluster analysis because this 
method describe a data structure that should be representative of the population (Hair et al., 
1998).  Two means of assessing the robustness and generalizability of the cluster solution 
include 1) split-sample validation, and 2) predictive validation. 
 To assess the robustness of the final cluster solution, Hair et al. (1998, 2009) recommend 
randomly splitting the sample into two subsets and estimating the same final cluster solution for 
each subset.  A comparison of the two sub-sample cluster solutions to the whole-sample solution 
allows assessment of the validity of the final solution across the sample.  This procedure was 
performed with both the elements and pathways data sets.  The data sets were each split into two 
even subsets (cases with even versus odd Respondent ID numbers) and the respective final 
cluster solutions were specified.  The results from the initial cluster analysis, conducted on the 
entire sample, were compared to the results of the analyses conducted on the two sub-samples, 
using cross-tabulation to determine their degree of association.  By dividing the number of 
respondents who were categorized into different clusters between analyses by the total sample 
size, the percentage of respondents who were categorized into a different cluster between 
analyses was determined (Hair et al., 2009): 
 % stability = sum (different cluster) / total sample size. 
 Generally, a solution with less than 10% of observations assigned to a different cluster is 
considered very stable, a solution with between 10 and 20% of observations assigned to a 
different cluster is considered stable, and a solution with 20 to 25% of observations assigned to a 
different cluster is considered somewhat stable (Hair et al., 2009).  The average percent stability 
of the cluster solutions for the elements data set was 23.9% (work shown in Appendix 5).  That 
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is, on average, 23.9% of respondents were categorized into different clusters between these 
comparisons, indicating a somewhat stable solution with adequate validity (Hair et al., 2009).  
The average stability of the cluster solutions for the pathways data was 2.1% (work shown in 
Appendix 5).  That is, only 2.1% of respondents were categorized into different clusters between 
these comparisons, indicating a very stable solution with a high degree of validity (Hair et al., 
2009).  Based on these results, both the elements and pathways final cluster solutions were 
deemed to be robust.   
 No prior assumptions were made in this study to predict responses based on any 
demographic characteristics; therefore, the predictive validity of the elements and pathways 
clusters was not assessed. 
 
Profiling the Cluster Solutions: Cross-tabulation and Pearson’s Chi-square 
 The goal of the third phase of analysis was to identify whether and how members of each 
cluster varied from each other demographically, i.e., to profile the clusters of respondents with 
similar response styles (Table 1).  Cluster profiling involves describing the characteristics of 
each cluster to explore how clusters may differ across relevant dimensions (Hair et al., 1998).  It 
is performed after clusters are identified, and typically involves the use of discriminant analysis 
(Hair et al., 1998).  However, discriminant analysis requires that the variables used to describe 
clusters are continuous (Hair et al., 1998).  In this study, all demographic variables were 
categorical or ordinal (Appendix 2); thus, discriminant analysis was not a viable option for 
profiling the elements and pathways clusters. 
 An alternate means of profiling clusters involves the use of cross-tabulation.  Cross-
tabulation is a means of looking at the relationship between two categorical variables (Field, 
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2009).  Contingency tables of these variables are used to tabulate the number of elements that 
fall into each combination of categories (e.g., cluster membership and current position title).  
Then, to determine whether there is a significant relationship between the two variables, the 
contingency table is analyzed using Pearson‟s chi-square test, which compares the frequencies 
observed in each category to the frequencies one would expect to have in those categories by 
chance (Field, 2009). 
 This analysis relies on two important assumptions: 1) data are independent; i.e., each 
individual contributes to only one cell of the contingency table, and 2) in large contingency 
tables, such as the ones examined in this study, no expected frequencies should be below 1 
(Field, 2009, p. 692).  In this study, individuals were indeed independent in that each contributed 
to only one cell of the contingency table (e.g., as opposed to a repeated measures design). 
Further, the expected frequencies in all contingency tables exceeded 1.  Therefore, both 
assumptions of Pearson‟s chi-square were met.    
 Pearson‟s chi-square tests whether the two variables in a contingency table are 
independent.  If this test is significant (p < 0.05), then one may reject the null hypothesis that the 
variables are independent and gain confidence that they are related in some way (Field, 2009).  
However, while Pearson‟s chi-square indicates whether or not two variables are related, it does 
not explain how they are related.  Examination of the standardized residuals (i.e., z-scores) for 
each combination of categories sheds light on the relationship between variables (Field, 2009).  
If the value of a z-score is greater than |1.96|, then it is significant at p < 0.05 (Field, 2009).  This 
allowed me to determine which combination/s of categories were driving the significant 
association I found between any two variables. 
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 Separate cross-tabulations were performed to assess the relationships between elements 
cluster membership (i.e., Cluster 1, 2, 3, or 4) and each of the five demographic variables 
included in this study: Highest Degree, Year of Highest Degree (coded as Pre- or Post-2000), 
Field of Highest Degree, Current Position Title, and Current Field/Ecological Specialty (see 
coding schema in Appendix 2).  The same procedure was performed to assess the relationships 
between pathways cluster membership and each of the five demographic variables.  Significant 
relationships were identified using Pearson‟s chi-square, and the nature of these relationships 
was determined by examining the z-scores for each combination of categories.  These results are 
presented and discussed Chapter 4. 
 
Summary and Reflections on Analytical Approach 
 Exploratory factor analysis was chosen as an appropriate statistical method to identify the 
common dimensions underlying respondent‟ definitions of the elements of and pathways toward 
ecological literacy, and to further reduce each data set to a more tractable size while reflecting as 
much of the original information as possible.  As discussed earlier, there is some concern over 
whether or not factor analysis is appropriate for the treatment of binary data, as variables for 
factor analysis are generally assumed to be of metric measurement, whereas binary, or dummy 
variables (coded 0-1) are considered non-metric.  However, given that the main caution with 
respect to factor-analyzing binary data is that results may err or the conservative side (Woods, 
2002), I decided to proceed with the analysis.  I quickly found that the main limitation of 
proceeding in this manner was that extremely few published studies have utilized this approach.  
As such, I had little to no relevant examples with which to compare my work.  Moving from 
exploratory, open-ended research to more common, comparable closed-ended research is always 
challenging, and this research was a step in that direction.  We now have a much better platform 
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from which to construct a closed-ended survey on ecological literacy that is more readily 
analyzable using common techniques and will allow for greater comparison among studies.   
 In seeking the clearest, most representative, and parsimonious factor solutions for both 
the elements and pathways data, factor models were re-specified and re-run with the exclusion of 
insignificant and/or cross-loading variables until final factor solutions were obtained in which all 
variables had a significant loading on a single factor (Tables 7a-c, 8a-d).  Inevitably, through this 
process of data reduction, some of the diversity and variability within the data sets was lost.  
However, by presenting both the frequency distributions and the factor solutions for these data 
sets (Chapter 4), I describe both the broad diversity of the responses as well as the common 
dimensions underlying them.   
 Identifying and interpreting these factors required a good deal of subjective 
interpretation.  Field (2009) reminds us that factor analysis, perhaps more than most other 
statistical tests, illustrates how statistics are more an art than a science.  Statistics are not a 
cookbook, but rather an interpretive tool that we may apply, using our own best discretion.  At 
each stage of the factor analysis, from the initial considerations (e.g., sample size adequacy), to 
deciding how many factors to retain, to deciding which items loaded onto which factors, I 
carefully based each of my decisions on recommendations from the literature, and explicitly 
documented each step.  Additionally, I validated my findings by repeating the analyses using a 
split sample.  Given this care at each step of the factor analysis and in validating my findings, I 
am confident that the empirical dimensions I discovered provide a clear representation of the 
data (Chapter 4). 
 In addition to identifying these empirical dimensions, I wished to explore whether and 
how they were emphasized differently by different groups of respondents.  K-means cluster 
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analysis was chosen as an appropriate statistical method to group individuals based on 
similarities in their responses.  Then, the resulting clusters were profiled to determine whether 
and how the clusters varied demographically from each other.  As with factor analysis, cluster 
analysis required a good deal of my personal discretion and interpretation as a researcher.  Yet, 
because I explicitly made and documented each of my analytical decisions based on 
recommendations from the literature and validated my findings using a split sample, I am 
confident that the clusters I discovered represent meaningful groupings of individuals based on 
similarities in their responses (Chapter 4). 
 The open-ended nature of the 2007 ESA Vice Presidents‟ Survey on Ecological Literacy 
provided a unique and challenging opportunity to explore, from the bottom-up, the underlying 
themes and similarities in the perspectives of a large number of experts in ecology.  As 
discussed, my analytical approach had both its benefits and drawbacks.  It allowed me to explore 
the dimensions and clusters that were emergent from the data, as opposed to imposing my own 
organizational structure upon it.  As such, the conceptual framework for ecological literacy that I 
propose in Chapter 4 is a better representation of the respondents‟ collective view than if I had 
simply organized their responses into categories based on my own top-down, deductivist criteria.  
Further, the identification of distinctive clusters of individuals based on similarities in their 
responses reveals that, while the framework represents a collective view, it is not necessarily a 
consensus (Chapter 4).   
 However, the data set acquired by soliciting feedback in a completely open-ended 
manner from such a large number of individuals posed an analytical challenge, with very few 
relevant published examples for reference or comparison.  Based on my experience, I offer the 
following recommendations to future researchers: 
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 Open-ended surveys are an excellent way to gather input that is not constrained by the 
researcher‟s pre-determined choices (e.g., multiple choice questions).  Exploratory factor 
analysis of these data can be an effective means of identifying the common dimensions 
underlying the responses, without placing a priori constraints upon what one expects to find. 
 This approach is useful when exploring how respondents‟ ideas may be linked or interrelated, 
and/or when representing a collective view.  However, utilizing this approach with over 
1,000 cases represented an imposing analytical challenge and I do not recommend it for 
future studies in general.   
 Instead, I recommend that this approach be used on a much smaller sample to identify the 
potential underlying dimensions.  From there, the researcher could construct a summated 
scales questionnaire, a series of related Likert-scale questions designed to measure and 
validate the underlying dimensions (De Vellis, 1991; Field, 2009).  The questionnaire could 
then be administered to the entire sample, yielding much cleaner data that is more easily and 
rapidly analyzed.   
 Future research on the topic of ecological literacy, in particular, should focus on the 
development and administration of summated scales designed to measure and validate the 
dimensions identified in this study.  Cluster analysis using the summated scales data (as 
opposed to the “raw” data) would also likely yield clearer results that are more easily 
interpreted.  Further, demographic data should be collected in closed-ended manner, perhaps 
based on the categories identified in this study (e.g., Current Ecological Specialty, Appendix 
2). 
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CHAPTER 4.  An empirically-based framework for ecological literacy 
 
Abstract 
 The aim of this study was to identify a framework for ecological literacy that reflected a 
collective view of professional ecologists.  A web-based survey invited ecologists to offer their 
perspectives on the top five things that every American- high school graduate or adult- should 
know, feel, or be able to do to be considered ecologically literate, and for their top five 
recommendations on how ecological literacy can be achieved.  Over 1,000 ecologists and other 
environmental professionals provided written responses to the open-ended survey prompts.  
Responses were coded to allow for quantitative analysis.  Factor analysis revealed the presence 
of six common dimensions underlying respondents‟ views of ecological literacy (cycles and 
webs, ecosystem services, negative human impacts, critical thinking/application, nature of 
ecological science, and biogeography) and five common dimensions for how to achieve it 
(education by mass media, formal/traditional education, financial incentive, participatory/ 
interactive education, and communication/outreach by scientists).  Cluster analysis identified 
distinctive groupings of respondents, yet Pearson‟s chi-square tests indicated that groups were 
mostly homogenous with respect to the demographic variables measured.  Based on these results, 
a framework for ecological literacy is proposed.  Ideally, this framework will provide guidance 
for the development of ecology curricula and assessment tools, a foundation for discussion of 
alignment between K-12 and higher education, and a mechanism for creating greater synergy 
between formal and informal learning environments. 
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Introduction 
 Ecological understanding is essential for public support of and/or involvement in sound 
environmental decision-making, in addition to myriad political, economic, cultural, and spiritual 
considerations.  These decisions range from simple, everyday lifestyle choices to major decisions 
about environmental management, development, restoration, and regulation.  As stakeholders in 
their environment and the environment of future generations, individuals must understand the 
links between ecosystems and human welfare, as well as the scientific evidence and potential 
risks that factor into the environmental decision-making process.  Palmer et al. (2004a, b) argued 
that without greater public understanding of their ecological connection to the environment and 
the decisions surrounding it, ecological science will be of little use.  Public appreciation of 
ecosystems and their services, and of the science necessary to understand and sustain them, is 
essential to promote connections between research and management.   
 However, national assessments have suggested that the American public is not well-
versed in science in general, or ecology, in particular.  Miller (2002) found that fewer than 20% 
of Americans possessed the level of vocabulary and process understanding required to read a 
scientific article in a major newspaper, understand a science-based television program, or 
comprehend a popular science book.  Similarly, based on ten years of nationwide survey 
research, Coyle (2005) concluded that the average American, regardless of age, income, or level 
of education, mostly failed to grasp the basic ecological concepts and science underlying many 
of the major environmental subjects discussed in the media.  In international science 
assessments, American students performed less well than students from many European and 
Asian countries (Gonzales et al., 2000), and their performance on the ecology portions of 
national science assessments has been poor (Institute of Education Science (IES), 2006).  These 
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studies reflect a widespread concern that the level of ecological literacy among the general 
population in the U.S. is too low to enable effective social responses to current problems. 
 What comprises basic ecological literacy?  What should every American know, feel, or 
be able to do to be considered ecologically literate?  There is a pressing need to create a complete 
and broadly applicable framework for ecological literacy, allowing for the establishment of 
guidelines and tools for assessing educational achievement.  Formal and informal educators alike 
can benefit from expert, focused guidance on the components essential for ecological literacy, 
along with up-to-date information about new discoveries from the field of ecology in particular, 
and science in general. 
 Explicitly defining the essential components of ecological literacy has been a topic of 
intensive deliberation for several decades, with blurred lines of distinction between 
environmental literacy, ecological literacy, and ecoliteracy (reviewed in Chapter 2).  The 
majority of existing frameworks for environmental literacy, proposed within the field of 
environmental education, have provided little detail about the scientific ecological knowledge or 
habits of mind necessary for literacy.  Instead, they tend to emphasize affective and behavioral 
aspects, human agency, and/or knowledge of the environmental harm caused by humans.  
Alternately, frameworks for ecoliteracy, advanced in the social sciences and humanities, 
emphasize metaphysical knowledge regarding self and spirituality that are well outside the scope 
of ecological science, or are impractical in the context of science education (Chapter 2).  
 Ecologists can offer keen insights about the dimensions of ecological literacy.  Risser 
(1986), in his Address of the Past President at the annual meeting of the Ecological Society of 
America (ESA), urged ecologists to collectively address the topic of ecological literacy, adopt a 
vigorous stance, and embrace their responsibilities as promoters of ecological literacy in their 
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students and the general public.  Echoing this call to action, Klemow (1991), Berkowitz (1997), 
Berkowitz et al. (2005), and Jordan et al. (2009) asked ecologists to ponder, debate, and arrive at 
consensus as to what comprises basic ecological literacy.  Several example frameworks have 
been proposed to describe ecological literacy (Table 1).  Acknowledging that the entire discipline 
of ecology cannot be taught to everyone, it is crucial to identify a shorter list of key concepts and 
skills a person should know and be able to do to be considered ecologically literate.  Significant 
challenges are to balance brevity with comprehensiveness, to assure practicality while aiming to 
be inspirational, and to be synthetic and novel while sufficiently reflecting current vernacular 
(e.g., Berkowitz et al., 2005). 
 How do current ecologists view ecological literacy?  What strategies do they recommend 
to achieve it?  How might their perspectives relate to their academic and professional training 
and experience?  The goal of this study was to identify a framework for ecological literacy that 
reflected a collective view of practicing ecologists, and to account for diversity in their 
perspectives.  The three main objectives of my analysis were: 1) to explore the common 
dimensions underlying ecologists‟ views of ecological literacy, 2) to explore the common 
dimensions underlying their recommendations to achieve ecological literacy, and 3) to 
investigate how their perspectives might be related to their academic and professional training 
and experience.  Ideally, the resulting framework will help to provide guidance for the 
development of updated ecology curricula and assessment tools, a foundation for discussion of 
alignment between K-12 and higher education, and a mechanism for creating greater synergy 
between formal school and informal learning environments.  
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Table 1. Frameworks for ecological literacy proposed within the field of ecology.*  
 
Author/s Year Framework: 
   
Risser 1986 Four notions: multimedia transport of materials; clarification of the "everything is connected to everything" concept; 
ecology-culture interactions; familiar ecological field observations based on a specific, local spot. 
   
Klemow 1991 Eleven basic ecological concepts: nature of ecological science; influences of physical and biological factors on organisms; 
species distribution; populations; communities; organismal interactions; ecosystem concept; energy flow through 
ecosystems; nutrient cycling in ecosystems; constant change in ecosystems; human impacts on ecosystems. 
   
Berkowitz 1997 Four organizing themes: knowledge of human and natural systems; inquiry skills; skills for decision and action; personal 
responsibility. 
   
Berkowitz et al. 2005 Three overlapping components: five key ecological systems (one's ecological  neighborhood, ecological  basis of human 
existence, ecology of systems that sustain humans, human impacts on globe as an ecosystem, genetic/evolutionary systems 
and how humans affect them) ecological thinking "toolkit"; the nature of ecological science and its interface with society. 
   
Jordan et al. 2009 Three overlapping components: ecological connectivity and key concepts; ecological scientific habits of mind; human 
actions-environmental linkages. 
   
* Note: Terminology reflects authors‟ usage. 
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Methods 
 The 2007 ESA Vice Presidents‟ Survey on Ecological Literacy was designed to solicit 
the perspectives of professional ecologists and environmental scientists on the nature of 
ecological literacy (Appendix 1).  The web-based survey was written and administered using the 
Internet tool Surveymonkey (SurveyMonkey, Menlo Park, CA).  In an open-ended manner, 
respondents were asked to provide some demographic information and to list what they 
considered to be the most important elements of and pathways toward ecological literacy.   
 Because the ESA is the oldest, largest, broadest, and most widely published professional 
organization for ecology in the world, its membership was deemed a suitable population for this 
study.  The ESA is comprised mainly of professional ecologists and graduate students in the 
ecological sciences, but with a rapidly growing number of social scientists, teachers, and other 
professionals from environment-related and other disciplines (ESA, 2011).  In 2007, the year that 
this study was conducted, the ESA was comprised of 10,228 registered members, all of whom 
subscribed to the ESA e-mail listserv (ESA, 2007).  In May, 2007, an e-mail letter including a 
link to the online survey was sent to all members via the listserv (Appendix 1).  A reminder e-
mail was sent out in August, 2007, and the survey closed in September, 2007.  Survey results 
were collected and downloaded into an Excel workbook by SurveyMonkey.  Incomplete and/or 
duplicate cases were identified, carefully considered, and removed as appropriate.  A total of 
1,032 respondents provided their demographic information and at least one meaningful (i.e., not 
nonsensical) written response to a survey question.  This constituted a meaningful response rate 
of 10%.  Of these individuals, 1,032 provided at least one elements response and 905 provided at 
least one pathways response.  No individuals provided a pathways response without first 
providing at least one elements response. 
119 
 
 Separate coding schemata were developed, validated by colleagues, and used to code the 
responses to each survey prompt, according to Rubin & Babbie (2005).  Complete coding 
schemata for each survey prompt are presented in Appendix 2.  A binomial coding schema was 
then applied to the coded elements and pathways data sets.  In other words, a respondent either 
mentioned a specific item (1) or did not (0).  In this manner, a final coded case was comprised of 
a series of demographic coding variables followed by a complete string of 1‟s and 0‟s; as such, 
there were no missing data (Hair et al., 2009).   
 
Data Description 
 Prior to statistical analysis, the frequencies of items comprising the elements and 
pathways responses were calculated to allow for description of the overall distributions of the 
data sets.   
 
Factor Analysis 
 The goal of the first phase of analysis was to explore the dimensions underlying 
respondents‟ definitions of the elements of and pathways toward ecological literacy.  Exploratory 
factor analysis was chosen as an appropriate statistical analysis for this purpose, with principal 
component analysis (PCA) as the selected method of factor extraction (Hair et al., 2009; Field, 
2009).  The binomial-coded elements and pathways data sets were first examined to assess their 
appropriateness for factor analysis using the Kaiser-Meyer-Olkin (KMO) measure of sampling 
adequacy, Bartlett‟s test of sphericity, and visual inspection of the correlation matrixes (Hair et 
al., 2009; Field, 2009).  Assessment of the elements correlation matrix indicated that five of the 
original 65 elements variables should be excluded from the analysis due to issues of 
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multicollinearity (Field, 2009; Chapter 3).  None of the pathways variables were identified as 
candidates for exclusion; thus, all of the 35 original pathways variables were retained for factor 
analysis.   
 Separate PCAs were performed on the binomial-coded elements and pathways responses 
with varimax orthogonal rotation to yield the clearest, most interpretable factor solutions (Hair et 
al., 2009; Field, 2009).  Factor models were re-specified and re-run with the exclusion of 
insignificant and/or cross-loading variables until final factor solutions were obtained in which all 
variables had a significant loading on a single factor (Hair et al., 2009).  The robustness of each 
of the final factor solutions was assessed by randomly splitting the sample into two subsets, re-
specifying the final factor model for each subset, and comparing the results (Appendix 3). 
 Having determined the most representative, parsimonious, and robust factor solutions for 
the elements and pathways responses, composite scores for each factor/underlying dimension 
(i.e., factor scores) were computed to substitute for the original variables in the next stage of the 
analysis.  These were computed using the Anderson-Rubin method, producing scores that were 
uncorrelated and standardized (i.e. with a mean of 0 and a standard deviation of 1; Field, 2009).   
 
Cluster Analysis  
 The goal of the second phase of analysis was to explore whether these dimensions were 
differently emphasized by different groups of respondents.  Factor analysis was used to identify 
the dimensions underlying the elements and pathways responses, and factor scores were 
computed as composite measures of an individual‟s response with respect to each dimension.  In 
the second phase of analysis, similar response emphases (as indicated by factor scores) were 
identified and grouped.  Cluster analysis was chosen as an appropriate statistical analysis for this 
121 
 
purpose, with the selection of a non-hierarchical (i.e., K-means) clustering algorithm (Hair et al., 
2009; Norusis, 2010).  
 Separate K-means cluster analyses were performed on the elements and pathways factor 
scores to identify similar response emphases.  Through an iterative process of performing trial 
analyses (specifying the formation of 3, 4, 5, or 6 final clusters) and examining the resulting 
clusters and number of individuals in each cluster, the most representative, evenly-distributed 
cluster solutions possible were determined (Hair et al., 2009; Norusis, 2010).  The robustness of 
each of the final cluster solutions was assessed by randomly splitting the sample into two 
subsets, respecifying the final cluster model for each subset, and comparing the results 
(Appendix 5). 
 
Cluster Profiling 
 The goal of the third phase of analysis was to determine whether and how members of 
each cluster varied from each other demographically, i.e., to profile the clusters of respondents 
with similar response emphases.  Cross-tabulation was chosen as an appropriate method for this 
purpose (Hair et al., 2009).  Separate cross-tabulations were performed to assess the relationships 
between elements cluster membership and each of the five demographic variables included in 
this study.  The same procedure was used to assess the relationships between pathways cluster 
membership and the demographic variables.  Significant relationships between cluster 
membership and demographic variables were identified using Pearson‟s chi-square test, and the 
nature of these relationships was determined by examining the z-scores for each combination of 
categories (Hair et al., 2009; Field, 2009). 
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Results 
 Demographic profiles of the sample with respect to the five demographic variables 
included in this study are presented in Tables 1-5, Appendix 6.  Nearly 70% of respondents held 
a Ph.D. as their highest degree.  Of the remaining respondents, 16% were graduate students, most 
of whom were specifically pursuing a Ph.D. (Table 1, Appendix 6).  Respondents were roughly 
split between those who earned their highest degree in 2000 or later (44%) and those who earned 
their highest degree in or before 1999 (56%) (Table 2, Appendix 6).  With respect to the field of 
their highest degree, 42% of respondents earned their highest degree in Ecology, 36% earned 
their highest degree in Biology, and the remaining 22% earned their highest degree in other 
fields (Table 3, Appendix 6).   The three most common primary positions held by respondents 
were Professor/Instructor (39%), Researcher (31%), or Student (16%) (Table 4, Appendix 6).   
 A rough comparison of these demographic patterns to those available for the 2007 ESA 
member population as a whole indicated that the sample was fairly representative of the 
population, though students were somewhat underrepresented in the sample (Figures 1a-d).  The 
majority of all 2007 ESA members indicated that they were in academia (67%), while a total of 
55% of respondents in the sample were assumed to be academics (Professors/Instructors and 
Students; Figures 1c-d).  It is likely that a greater proportion of respondents in the sample were, 
in fact, in academia (i.e., those in Research or Administration), but this could not be assumed 
from the available data.     
 
Essential Elements of Ecological Literacy 
 Respondents‟ definitions of the essential elements of ecological literacy tended to be 
comprised of relatively straightforward lists of items that fell into six broad conceptual 
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categories, which I labeled 1) ecology concepts, 2) human dimensions, 3) nature of 
science/skills, 4) affect, 5) natural history, and 6) other subjects (Table 2).  Items included in 
respondents‟ definitions of the essential elements of ecological literacy are listed by general 
category in Table 3a, and alternately by overall frequency in Table 3b.  The most commonly 
mentioned items were in the general categories of ecology concepts (47%) and human 
dimensions (38%), a combined 85% of total mentioned items (Table 3a).  The general category 
nature of science/skills comprised 9% of total mentioned items, while affect, natural history, and 
other subjects comprised the remaining 5% (Table 3a).  When arranged by overall frequency, the 
top five most commonly mentioned items were 1) evolution/natural selection, 2) negative 
impacts (in general) of humans, 3) interaction/interconnectedness of everything, 4) ecosystem 
concept, and 5) ecosystem services, with roughly 25% or more of respondents mentioning each 
of these items (Table 3b).   
 The Kaiser-Meyer-Olkin (KMO) measure verified the sampling adequacy of the elements 
data for factor analysis (KMO = 0.629; KMO should exceed 0.500, Field, 2009).  Bartlett‟s test 
of sphericity was significant (χ2 (1770) = 4872.988, p < 0.001), indicating that correlations 
between items were sufficiently large for principal component analysis (PCA).  An initial PCA 
was conducted on 60 of the original 65 elements items (exclusions noted previously) with 
varimax orthogonal rotation.  Examination of the scree plot and trial iterations (specifying the 
extraction of 3, 4, 5, or 6 factors) indicated that the extraction of 6 factors achieved the most 
representative and parsimonious factor solution.  A cut-off value of 0.30 was chosen as the 
criterion to decide which loadings were significantly associated with a given factor, as it had 
both practical and statistical significance for these data (Hair et al., 2009), and it clearly 
delineated the higher from the lower loadings in the matrix (Tabachnick & Fidell, 2001).  
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   a. All ESA members              b. Survey respondents
        
   c. All ESA members             d. Survey respondents  
Figures 1a-d.  Comparison of 2007 ESA member population (n = 10,228) to 2007 survey sample (n = 1,032).  Shaded areas indicate 
assumed similarities between the population and the sample. 
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Table 2.  Description of general conceptual categories comprising respondents‟ definitions of the 
elements of ecological literacy. 
Category Description  
  
 Ecology Concepts Ecological concepts, not specifically related to humans 
 
 Human Dimensions Ecological concepts, specifically related to humans 
 
 Nature of Science/Skills Ecological/scientific/critical thinking skills and application 
 
 Affect Feelings, emotions about ecology or environment 
 
 Natural History Familiarity with local natural history, able to identify local organisms 
 
 Other Subjects Literacy in other subjects, e.g., math, chemistry 
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Table 3a.  Elements of ecological literacy.  Number of respondents mentioning each item, 
arranged by general category and frequency (n = 1,032). 
Item                                                                                              # respondents mentioning (%) 
   
Ecology Concepts  
  
          Evolution/Natural Selection 356 (34.5) 
          Interconnectedness/Interaction of Everything (general) 319 (30.9) 
          Ecosystem Concept/Dynamics/Functions/Processes 274 (26.6) 
          Biogeochemical/Nutrient Cycling (general) 226 (21.9) 
          Population Dynamics/Carrying Cap./Resource Limitation 213 (20.6) 
          Interactions, Species/Community Interactions 203 (19.7) 
          Biodiversity/Species Rarity, Abundance 201 (19.5) 
          Food Webs, Chains/Trophic Cascades 192 (18.6) 
          Thermodynamics/Energy Flow (general) 164 (15.9) 
          Carbon Cycle/ Photosynthesis/Respiration 146 (14.1) 
          Habitat/Biogeography/Distribution and Abundance 119 (11.5) 
          Water Cycle/Watershed 114 (11.0) 
          Dynamic/Changing/Stochastic/Probabilistic 90 (8.7) 
          Adaptation (Physiology)/Life Cycles/Life History Strategies 83 (8.0) 
          Scale, Temporal/Spatial 78 (7.6) 
          Disturbance 49 (4.7) 
          Organization/Taxonomy/Classification 48 (4.7) 
          too vague for further classification  45 (4.4) 
          Climate/Atmosphere/Weather (not climate change) 44 (4.3) 
          Nitrogen Cycle 37 (3.6) 
          Niche 35 (3.4) 
          Biome 34 (3.3) 
          Succession 30 (2.9) 
          Vegetation 5 (0.5) 
   
Human Dimensions 
  
          Negative Impacts of Humans (general) on Environment/Ecosystem 333 (32.3) 
          Ecosystem Services, Human Dependence on 252 (24.4) 
          Climate Change/Carbon Emissions 231 (22.4) 
          Humans are Interconnected/Part of Ecosystem/Part of Nature 208 (20.2) 
          Management, Use of Land/Conservation/Restoration 168 (16.3) 
          Biodiversity Loss/Extinction/Human Dependence on 164 (15.9) 
          Food for Humans, Sources of/Agriculture Impacts 120 (11.6) 
          Resources for Humans are Finite, Limited/Overharvesting 104 (10.1) 
          Policy, Social Science, Legislation, Voting 102 (9.9) 
  
127 
 
Table 3a. (continued) 
 
  
Item                                                                                              # respondents mentioning (%) 
          Population Growth of Humans/Overpopulation  98 (9.5) 
          Invasive/Introduced Species, Disease 96 (9.3) 
          Pollution/Biomagnification 86 (8.3) 
          Sustainability 84 (8.1) 
          Water, Human Dependence on/Impacts on 75 (7.3) 
          Energy Production for Humans 61 (5.9) 
          Lifestyle, Impacts of/Consumerism 59 (5.7) 
          Reduce/Reuse/Recycle, "Go Green" 56 (5.4) 
          Habitat Loss/Fragmentation 55 (5.3) 
          Ecological Footprint 46 (4.5) 
          Human Waste, Fate of/Trash/Sewage 44 (4.3) 
          Evolution, Human Manipulation of (GMOs) 30 (2.9) 
          Biogeochemical Cycles, Human Impacts on 27 (2.6) 
          Direct Experience/Spending Time Outdoors 23 (2.2) 
          Stewardship 20 (1.9) 
   
Skills/Nature of Ecological Science 
  
          Scientific Method/Inquiry/Process 159 (15.4) 
          Ecology, Definition of/What is Ecology? 91 (8.8) 
          Critical Thinking 90 (8.7) 
          Reading/ Communicating Scientific Information 77 (7.5) 
          Uncertainty, Role of/Probability/Statistics 77 (7.5) 
          Ecology Versus Environmentalism/Advocacy 45 (4.4) 
          Systems Thinking 27 (2.6) 
          Media, Critical Evaluation of/Issues/Newspapers 23 (2.2) 
   
Affect 
  
          Appreciation/Awe/Respect/Compassion 94 (9.1) 
          Responsibility/Ownership/Empowerment 89 (8.6) 
          Curiosity/Interest/Motivation to Learn 43 (4.2) 
          Feel Part of Nature/Interconnected 16 (1.6) 
   
Local Natural History (I.D./knowledge of local plants, animals) 146 (14.1) 
   
Other Subjects 
  
          Chemistry 14 (1.4) 
          Biology 13 (1.3) 
          Physics 10 (1.0) 
          Arts/Philosophy 4 (0.4) 
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Table 3b.  Elements of ecological literacy.  Number of respondents mentioning each item, 
arranged by overall frequency (n = 1,032). 
Item                                                                                  # respondents mentioning (%) 
   
Evolution/Natural Selection 356 (34.5) 
Negative Impacts of Humans (general) on Environment/Ecosystem 333 (32.3) 
Interconnectedness/Interaction of Everything (general) 319 (30.9) 
Ecosystem Concept/Dynamics/Functions/Processes 274 (26.6) 
Ecosystem Services, Human Dependence on 252 (24.4) 
Climate Change/Carbon Emissions 231 (22.4) 
Biogeochemical/Nutrient Cycling (general) 226 (21.9) 
Population Dynamics/Carrying Cap./Resource Limitation 213 (20.6) 
Humans are Interconnected/Part of Ecosystem/Part of Nature 208 (20.2) 
Interactions, Species/Community Interactions 203 (19.7) 
Biodiversity/Species Rarity, Abundance 201 (19.5) 
Food Webs, Chains/Trophic Cascades 192 (18.6) 
Management, Use of Land/Conservation/Restoration 168 (16.3) 
Thermodynamics/Energy Flow (general) 164 (15.9) 
Biodiversity Loss/Extinction/Human Dependence on 164 (15.9) 
Scientific Method/Inquiry/Process 159 (15.4) 
Carbon Cycle/Photosynthesis/Respiration 146 (14.1) 
Identification of Local Plants, Animals/Natural History 146 (14.1) 
Food for Humans, Sources of/Agriculture Impacts 120 (11.6) 
Habitat/Biogeography/Distribution and Abundance 119 (11.5) 
Water Cycle/Watershed 114 (11.0) 
Resources (general) for Humans are Finite, Limited/Overharvesting 104 (10.1) 
Policy, Social Science, Legislation, Voting 102 (9.9) 
Population Growth of Humans/Overpopulation  98 (9.5) 
Invasive/Introduced Species, Disease 96 (9.3) 
Appreciation/Awe/Respect/Compassion 94 (9.1) 
Ecology, Definition of/What is Ecology? 91 (8.8) 
Dynamic/Changing/Stochastic/Probabilistic 90 (8.7) 
Critical Thinking 90 (8.7) 
Responsibility/Ownership/Empowerment 89 (8.6) 
Pollution/Biomagnification 86 (8.3) 
Sustainability 84 (8.1) 
Adaptation (Physiology)/Life Cycles/Life History Strategies 83 (8.0) 
Scale, Temporal/Spatial 78 (7.6) 
Reading/ Communicating Scientific Information 77 (7.5) 
Uncertainty, Role of/Probability/Statistics 77 (7.5) 
Water, Human Dependence on/Impacts on 75 (7.3) 
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Table 3b. (continued) 
 
  
   
Item                                                                                  # respondents mentioning (%) 
Energy Production for Humans 61 (5.9) 
Lifestyle, Impacts of/Consumerism 59 (5.7) 
Reduce/Reuse/Recycle, "Go Green" 56 (5.4) 
Habitat Loss/Fragmentation 55 (5.3) 
Disturbance 49 (4.7) 
Organization/Taxonomy/Classification 48 (4.7) 
Ecological Footprint 46 (4.5) 
too vague for further classification 45 (4.4) 
Ecology Versus Environmentalism/Advocacy 45 (4.4) 
Climate/Atmosphere/Weather (not climate change) 44 (4.3) 
Human Waste, Fate of/Trash/Sewage 44 (4.3) 
Curiosity/Interest/Motivation to Learn 43 (4.2) 
Nitrogen Cycle 37 (3.6) 
Niche 35 (3.4) 
Biome 34 (3.3) 
Succession 30 (2.9) 
Evolution, Human Manipulation of (GMOs) 30 (2.9) 
Biogeochemical Cycles, Human Impacts on 27 (2.6) 
Systems thinking 27 (2.6) 
Direct Experience/Spending Time Outdoors 23 (2.2) 
Media, Critical Evaluation of/Issues/Newspapers 23 (2.2) 
Stewardship 20 (1.9) 
Feel Part of Nature/Interconnected 16 (1.6) 
Chemistry 14 (1.4) 
Biology 13 (1.3) 
Physics 10 (1.0) 
Vegetation 5 (0.5) 
Arts/Philosophy 4 (0.4) 
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The final, rotated six-factor solution is presented in Table 4.  Split-sample validation indicated 
that the final factor solution was quite robust (Tables 1a and b, Appendix 3).  The six factors 
together accounted for 38% of the variance in the elements responses and included: cycles and 
webs (movement of matter and energy); ecosystem services (sustenance of human existence); 
negative human impacts (environmental harm caused by humans); critical/scientific thinking and 
application (evidence-based thinking and its application in everyday life); nature of ecological 
science (scientific process and probabilistic nature of ecology); and biogeography (distribution 
and change across space and time) (Table 4).  
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Table 4.  Final varimax-rotated factor solution for binary-coded elements responses (26 items, 1,032 total respondents).  Factor 
loadings < 0.3 were suppressed to allow for easier viewing of the matrix. 
 Factor 
 1 2 3 4 5 6 
Elements Item 
Cycles 
and 
Webs 
Ecosystem 
Services 
Negative 
Human 
Impacts 
Critical 
Thinking  
and 
Application  
Nature  
of 
Ecological 
Science 
Bio- 
geography 
       
Carbon Cycle/Photosynthesis/Respiration .771      
Nitrogen Cycle .692      
Water Cycle/Watershed .654      
Biogeochemical/Nutrient Cycling (general) .525      
Food Webs, Chains/Trophic Cascades .399      
Food for Humans, Sources of/Agriculture Impacts  .711     
Energy Production for Humans  .635     
Water, Human Dependence on/Impacts on  .610     
Waste, Fate of/Trash/Sewage  .594     
Ecological Footprint  .328     
Habitat Loss/Fragmentation   .639    
Biodiversity Loss/Extinction/Human Dependence on   .639    
Invasive/Introduced Species, Disease   .550    
Climate Change/Carbon Emissions   .544    
Biogeochemical Cycles, Human Impacts on   .392    
Critical Evaluation of Media/Issues/Newspapers    .743   
Critical Thinking    .684   
Reading/Communicating Scientific Information    .576   
Uncertainty, Role of/Probability/Statistics     .691  
Scientific Method/Inquiry/Process     .662  
Ecology, Definition of/What is Ecology?     .379  
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Table 4. (continued)  
  
 Factor 
 1 2 3 4 5 6 
Elements Item 
Cycles 
and 
Webs 
Ecosystem 
Services 
Negative 
Human 
Impacts 
Critical 
Thinking  
and 
Application  
Nature  
of 
Ecological 
Science 
Bio- 
geography 
       
Succession      .543 
Habitat/Biogeography/Distribution and Abundance      .533 
Disturbance      .489 
Biome      .480 
Niche      .413 
Eigenvalues 2.157 2.061 1.728 1.448 1.368 1.166 
% of variance 8.3% 7.9% 6.74% 5.6% 5.3% 4.5% 
Total variance accounted for by rotated factors: 38.2%       
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 The final four-cluster solution based on respondents‟ factor scores is presented in Table 
5.  Split-sample validation indicated the final cluster solution was somewhat stable with adequate 
validity (Tables 1a-e, Appendix 5; Hair et al., 2009).  Clusters represented individuals grouped 
by similar emphases in their responses and included: no apparent emphasis (at or below average 
on all factors); skills emphasis (above average on critical thinking and application and nature of 
ecological science, below average on other factors); biogeography emphasis (above average on 
biogeography, below average on other factors); and systems and impacts emphasis (above 
average on cycles and webs and negative human impacts, at or below average on other factors) 
(Table 5).   
 Pearson‟s chi-square indicated a significant association between elements cluster 
membership and current field/ecological specialty (χ
2
 (12) = 25.88, p < 0.05; Table 6). 
Examination of the z-scores indicated that this association was mainly driven by respondents in 
the current field/ecological specialty labeled “other.”  This group was mainly comprised of 
individuals whose current field was in education, as opposed to the sciences (Table 5, Appendix 
6).  There were significantly more of these individuals in Cluster 2, skills emphasis (z score = 
2.9, p < 0.05) than would be expected by chance. 
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Table 5.  Clustering of respondents based on elements factor scores (n =1,032). 
 
 Cluster 
 1 2 3 4 
 
No Apparent 
Emphasis 
Skills  
Emphasis 
Biogeography  
Emphasis 
Systems and 
Impacts 
Emphasis 
Factor 1.  Cycles and Webs -.280 -.235 -.078 .895 
Factor 2.  Ecosystem Services -.008 -.026 -.029 .052 
Factor 3.  Negative Human Impacts -.392 -.168 -.138 1.241 
Factor 4.  Critical Thinking and Application -.190 3.334 -.203 -.085 
Factor 5.  Nature of Ecological Science .006 .823 -.114 -.114 
Factor 6.  Biogeography -.390 -.163 1.713 -.330 
Number of respondents in each cluster       589 50 180 213 
% of respondents (n = 1,032) 57.1%% 4.9% 17.4% 20.6% 
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Table 6.  Cross-tabulation showing demographic composition of each elements cluster.  Associations between each demographic 
variable and cluster membership were tested using Pearson‟s chi-square; significant association is indicated in bold (n = 1,032). 
 Cluster 
 1 2 3 4 
 No Apparent 
Emphasis 
Skills 
Emphasis 
Biogeography 
Emphasis 
Systems and 
Impacts 
Emphasis 
Highest Degree          
                             PhD 381 (64.7) 38 (76.0) 123 (68.3) 156 (73.2) 
                                                 Degree in Progress 95 (16.1) 5 (10.0) 31 (17.2) 34 (16.0) 
                                                                  Masters 80 (13.6) 5 (10.0) 18 (10.0) 15 (7.0) 
                                                              Bachelors 28 (4.8) 1 (2.0) 7 (3.9) 8 (3.8) 
                                                                     Other 5 (0.8) 1 (2.0) 1 (0.6) 0 (0.0) 
                                                                     Total 589 (100) 50 (100) 180 (100) 213 (100) 
Pearson‟s chi-square: 14.107         
Significance: 0.294         
Decade of Highest Degree          
2000+ 259 (44.0) 23 (46.0) 73 (40.6) 97 (45.5) 
Nineties 131 (22.2) 11 (22.0) 36 (20.0) 48 (22.5) 
Eighties 95 (16.1) 7 (14.0) 44 (24.4) 37 (17.4) 
Seventies 71 (12.1) 5 (10.0) 23 (12.8) 25 (11.7) 
Sixties 23 (3.9) 3 (6.0) 4 (2.2) 6 (2.8) 
 Fifties 10 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 
Total 589 (100) 50 (100) 180 (100) 213 (100) 
Pearson‟s chi-square: 16.939         
Significance: .323         
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Table 6. (continued)  
 Cluster 
 1 2 3 4 
 No Apparent 
Emphasis 
Skills 
Emphasis 
Biogeography 
Emphasis 
Systems and 
Impacts 
Emphasis 
Field of Highest Degree          
                                                                Ecology 242 (41.1) 27 (54.0) 78 (43.3) 90 (42.3) 
                                                                 Biology 211 (35.8) 12 (24.0) 61 (33.9) 89 (41.8) 
                                        Other Natural Sciences 55 (9.3) 5 (10.0) 22 (12.2) 12 (5.6) 
                  Natural Resources Management/Etc. 51 (8.7) 3 (6.0) 14 (7.8) 11 (5.2) 
                                                                   Other 30 (5.1) 3 (6.0) 5 (2.8) 11 (5.2) 
                                                                   Total 589 (100) 50 (100) 180 (100) 213 (100) 
Pearson‟s chi-square:  15.414         
Significance:  0.220         
Current Position Title          
                                            Professor/Instructor 219 (37.2) 19 (38.0) 68 (37.8) 94 (44.1) 
                                                          Researcher 184 (31.2) 17 (34.0) 57 (31.7) 61 (28.6) 
                                                               Student 95 (16.1) 5 (10.0) 31 (17.2) 34 (16.0) 
                                                     Administrator 65 (11.0) 5 (10.0) 20 (11.1) 16 (7.5) 
                                                                  Other 26 (4.4) 4 (8.0) 4 (2.2) 8 (3.8) 
                                                                  Total 589 (100) 50 (100) 180 (100) 213 (100) 
Pearson‟s chi-square:  9.553         
Significance:  0.655         
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Table 6. (continued)  
 Cluster 
 1 2 3 4 
 No Apparent 
Emphasis 
Skills 
Emphasis 
Biogeography 
Emphasis 
 
Systems and 
Impacts 
Emphasis 
Current Field/Ecological Specialty         
                                                               Ecology 432 (73.3) 37 (74.0) 142 (78.9) 172 (80.8) 
                Natural Resources Management/Etc. 80 (13.6) 2 (4.0) 23 (12.8) 17 (8.0) 
                                      Other Natural Sciences 31 (5.3) 4 (8.0) 8 (4.4) 9 (4.2) 
                                                                  Other 30 (5.1) 7 (14.0) 6 (3.3) 7 (3.3) 
                                                               Biology 16 (2.7) 0 (0.0) 1 (0.6) 8 (3.8) 
                                                                   Total 589 (100) 50 (100) 180 (100) 213 (100) 
Pearson‟s chi-square:  25.883         
Significance:  .011         
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Essential Pathways toward Ecological Literacy 
 Respondents‟ recommendations for the pathways toward ecological literacy tended to be 
comprised of one or more general categories, which I termed 1) sector, 2) target, 3) action, and 
4) promoter (defined in Table 7).   Specific items included in respondents‟ suggestions for the 
essential pathways toward ecological literacy are listed by general category in Table 8.  The great 
majority (81.2%) of respondents mentioned the sector of formal education and 38% mentioned 
the media sector (Table 8).  With respect to a target, the two most commonly mentioned groups 
were students of unspecified level (55%) and the general public (42%).  In addition to the 55% 
who mentioned students without specifying their level, 10-18% of respondents specifically 
identified high school, K-12, elementary, and/or college students as a target (Table 8).  As such, 
students (of all levels) were the most commonly mentioned target overall.  With respect to an 
action, the majority of respondents (71%) mentioned outside experience/access/field trips, the 
most commonly mentioned action (Table 8).  Also of note, 20% mentioned required/mandated/ 
policy as an enabler. 
 The Kaiser-Meyer-Olkin (KMO) measure verified the sampling adequacy of the 
pathways data for factor analysis (KMO = 0.599) and Bartlett‟s test of sphericity was significant 
(χ2 (595) = 5092.235, p < 0.001).  An initial PCA was conducted on the 35 pathways items with 
varimax orthogonal rotation.  Examination of the scree plot and trial iterations (specifying the 
extraction of 5 or 6 factors) indicated that the extraction of 5 factors achieved the most 
representative and parsimonious factor solution.  A cut-off value of 0.30 was chosen as the 
criterion to decide which loadings were significantly associated with a given factor, as it had 
both practical and statistical significance for these data (Hair et al., 2009), and it clearly 
delineated the higher from the lower loadings in the matrix (Tabachnick & Fidell, 2001).  The 
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final, rotated 5-factor solution is presented in Table 9.  Split-sample validation indicated that the 
final factor solution was quite robust (Tables 2a and b, Appendix 3).  The five factors together 
accounted for 52% of the variance in the pathways responses and included: education by mass 
media (broad-scale public information campaigning); formal/traditional education (conventional 
classroom lectures, curricula, and coursework at all grade levels); financial incentive 
(government remuneration for “green” activities and/or penalty for “non-green” activities); 
participatory/interactive education (experiential, inquiry-based, and/or applied learning 
experiences for students in general); and communication/outreach by scientists (improved 
communication both within and beyond the scientific community) (Table 9). 
 
Table 7.  Description of general categories comprising respondents‟ definitions of the pathways 
toward ecological literacy. 
Categories Description  
  
 Sector Where/By Whom?  What segment of society should be responsible for 
promoting ecological literacy/where the promotion of ecological literacy 
should take place.  
 
 Target For Whom?  The segment of society in which ecological literacy should be 
promoted. 
 
 Action Doing What?  What should be done to promote ecological literacy. 
 
 Promoter How?  How the promotion of ecological literacy may be facilitated. 
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Table 8.  Pathways toward ecological literacy (35 items in 4 general categories; total number of 
respondents = 905). 
Item                                                                    # respondents mentioning                                                        (%)
   Sector 
  Formal Education/Schools 735 (81.2) 
Media (TV, Internet, Newspaper, etc.) 339 (37.5) 
Government (Decision-Makers, Management, Agencies) 149 (16.5) 
Informal Education (Museums, Zoos, Nature Centers) 144 (15.9) 
Religion/Churches 17 (1.9) 
   Target 
  Students (unspecified level) 494 (54.6) 
General Public/Communities/Citizens/ 382 (42.2) 
High School Students 163 (18.0) 
K-12 Students 139 (15.4) 
Youth/Elementary Students 119 (13.1) 
University, College Students 92 (10.2) 
Teachers 84 (9.3) 
Parents/Families 46 (5.1) 
Scientists 41 (4.5) 
Politicians 40 (4.4) 
Adults 34 (3.8) 
   Action 
  Outside Experience, Direct Access/Field Trips 639 (70.6) 
Reading/Viewing/Listening 446 (49.3) 
Course/Class/Lecture/Curriculum/Instruction 383 (42.3) 
Labs/Inquiries/Experiments/Research 226 (25.0) 
Applied/Hands-on/Case Studies/Projects/Problem Solving 187 (20.7) 
Guided, Interpreted interaction with Experts 116 (12.8) 
Volunteering/Service/Activism/Internships 108 (11.9) 
Debate/Discussion/Translation/Communication/Writing 100 (11.0) 
Green Activities (Recycling, Conserving Energy, etc.) 64 (7.1) 
Critical Thinking 62 (6.9) 
Quantifying (Calculations, Modeling, Simulations, Diagramming) 60 (6.6) 
Real World Examples/Making Relevant 51 (5.6) 
Farms, Sewage Plants, Dumps, Incinerators Visits 43 (4.8) 
Identification, Collection 23 (2.5) 
Exclusion of Religion 14 (1.5) 
Interpretive Displays/Booths 9 (1.0) 
Workshops 7 (0.8) 
   Enabler 
  Required/Mandated/Policy 179 (19.8) 
Funding/Financial Incentive/Taxation 61 (6.7) 
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Table 9.  Final varimax-rotated factor solution for binary-coded pathways response items (17 items, 905 total respondents).  Factor 
loadings < 0.3 were suppressed to allow for easier viewing of the matrix. 
 Factor 
 1 2 3 4 5 
Pathways item 
 
Education  
by 
Mass Media 
 
Formal/ 
Traditional 
Education 
Financial 
Incentive 
Participatory/ 
Interactive 
Education  
Communication/ 
Outreach by 
Scientists 
Media (TV, Internet, Newspaper, etc.) .947     
Communities/Citizens/General Public .911     
Reading/Viewing/Listening .880     
High School Students  .691    
Course/Class/Lecture/Curriculum/Instruction  .619    
University, College Students  .558    
Youth/Elementary Students  .478    
Adults  .422    
Funding/Financial Incentive/Taxing   .804   
Government   .791   
Green Activities (e.g., Recycling, Conserving Energy)   .579   
Students (unspecified level)    .681  
Outside Experience, Access/Field Trips    .654  
Labs/Inquiries/Experiments/Research    .497  
Guided, Interpreted Interaction w Experts    .491  
Scientists     .800 
Debate/Discussion/Translation/Communication     .791 
Eigenvalues 2.781 1.689 1.618 1.429 1.325 
% of variance 16.4% 9.9% 9.5% 8.4% 7.8% 
Total variance accounted for by rotated factors: 52.0%      
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 The final 4-cluster solution based on respondents‟ factor scores is presented in Table 10.  
Split-sample validation indicated the final cluster solution was very stable with a high degree of 
validity (Tables 1a-e, Appendix 5; Hair et al., 2009).  Clusters represented individuals grouped 
by similar emphases in their responses and included: formal education emphasis (above average 
on formal/traditional education, at or below average on other factors); outreach emphasis (above 
average on communication/outreach by scientists; average on other factors); incentives emphasis 
(above average on financial incentive; at or below average on other factors); and no apparent 
emphasis (at or below average on all factors) (Table 10).  Cross-tabulation and Pearson‟s chi-
square indicated that there were no significant associations between pathways cluster 
membership and the demographic variables (Table 11). 
 
Discussion: An Empirically-Based Framework for Ecological Literacy 
 Situated in an era of increasingly urgent and multifaceted global environmental 
challenges (e.g., Palmer et al., 2004a, NRC 2009a), ecology is a dynamic and complex field, 
comprising the study of a tremendous number of species and their interactions, and the spatial 
and temporal complexity of the physical environment within which these interactions occur.  As 
such, identifying and agreeing upon the essential knowledge, skills, and/or other attributes of an 
ecologically literate individual represents a significant challenge.  This requires striking a 
number of delicate balances: identifying the factual knowledge necessary to promote scientific 
understanding without generating an infinite laundry list of concepts, acknowledging what has 
been historically significant in ecology while pointing to current key research and the 
implications it may have for the future, and articulating key higher order thinking and application 
skills while maintaining relevance to everyday life, to name a few.   
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Table 10.  Clustering of respondents based on pathways factor scores (n = 905). 
 
 Cluster 
 1 2 3 4 
 Formal Education 
Emphasis 
Outreach 
Emphasis 
Incentives 
Emphasis 
No Apparent 
Emphasis 
Factor 1.  Education by Mass Media .127 .061 .084 -.058 
Factor 2.  Formal/Traditional Education 1.396 .342 -.009 -.501 
Factor 3.  Financial Incentive -.260 .041 2.894 -.257 
Factor 4.  Participatory/Interactive Education -.322 .378 -.069 .084 
Factor 5.  Communication/Outreach by Scientists -.348 3.279 -.133 -.158 
Number of respondents in each cluster 198 52 69 586 
% of respondents (n = 905) 21.9% 5.8% 7.6% 64.8% 
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Table 11. Cross-tabulation showing demographic composition of each pathways cluster.  Associations between each demographic 
variable and cluster membership were tested using Pearson‟s chi-square (n = 905).  
 Cluster 
 1 2 3 4 
 Formal Education 
Emphasis 
Outreach 
Emphasis 
Incentives 
Emphasis 
No Apparent 
Emphasis 
Highest Degree          
                             PhD 137 (69.2) 28 (53.8) 47 (68.1) 403 (68.8) 
                                                 Degree in Progress 33 (16.7) 14 (26.9) 10 (14.5) 90 915.4) 
                                                                  Masters 21 (10.6) 6 (11.5) 5 (7.2) 70 (11.9) 
                                                              Bachelors 7 (3.5) 4 (7.7) 5 (7.2) 18 (3.1) 
                                                                     Other 0 (0.0) 0 (0.0) 2 (2.9) 5 (0.9) 
                                                                     Total 198 (100) 52 (100) 69 (100) 586 (100) 
Pearson‟s chi-square: 18.169         
Significance:  0.111         
Decade of Highest Degree          
2000+ 89 (44.9) 26 (50.0) 35 (50.7) 243 (41.5) 
Nineties 42 (21.2) 8 (15.4) 15 (21.7) 131 (22.4) 
Eighties 38 (19.2) 11 (21.2) 12 (17.4) 109 (18.6) 
Seventies 23 (11.6) 5 (9.6) 7 (10.1) 74 (12.6) 
Sixties 5 (2.5) 2 (3.8) 0 (0.0) 23 (3.9) 
 Fifties 1 (0.5) 0 (0.0) 0 (0.00 5 (0.9) 
Total 198 (100) 52 (100) 69 (100) 586 (100) 
Pearson‟s chi-square: 8.546         
Significance: .900         
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Table 11. (continued)  
 Cluster 
 1 2 3 4 
 Formal Education 
Emphasis 
Outreach 
Emphasis 
Incentives 
Emphasis 
No Apparent 
Emphasis 
Field of Highest Degree          
                                                                Ecology 84 (42.4) 24 (46.2) 35 (50.7) 255 (43.5) 
                                                                 Biology 70 (35.4) 21 (40.4) 17 (24.6) 211 (36.0) 
                                        Other Natural Sciences 23 (11.6) 2 (3.8) 4 (5.8) 53 (9.0) 
                  Natural Resources Management/Etc. 15 (7.6) 1 (1.9) 8 (11.6) 40 (6.8) 
                                                                   Other 6 (3.0) 4 (7.7) 5 (7.2) 27 (4.6) 
                                                                   Total 198 (100) 52 (100) 69 (100) 586 (100) 
Pearson‟s chi-square:  14.622         
Significance:  0.263         
Current Position Title          
                                            Professor/Instructor 86 (43.4) 18 (34.6) 29 (42.0) 223 (38.1) 
                                                          Researcher 55 (27.8) 11 (21.2) 26 (37.7) 183 (31.2) 
                                                               Student 33 (16.7) 14 (26.9) 10 (14.5) 90 (15.4) 
                                                     Administrator 15 (7.6) 8 (15.4) 2 (2.9) 67 (11.4) 
                                                                  Other 9 (4.5) 1 (1.9) 2 (2.9) 23 (3.9) 
                                                                  Total 198 (100) 52 (100) 69 (100) 586 (100) 
Pearson‟s chi-square:  16.972         
Significance:  0.151         
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Table 11. (continued) 
 Cluster 
 1 2 3 4 
 Formal Education 
Emphasis 
 
Outreach 
Emphasis 
Incentives 
Emphasis 
 
No Apparent 
Emphasis 
Current Field/Ecological Specialty         
                                                               Ecology 159 (80.3) 40 (76.9) 50 (72.5) 443 (75.6) 
                Natural Resources Management/Etc. 16 (8.1) 5 (9.6) 9 (13.0) 76 (13.0) 
                                      Other Natural Sciences 12 (6.1) 3 (5.8) 3 (4.3) 24 (4.1) 
                                                                  Other 6 (3.0) 3 (5.8) 7 (10.1) 25 (4.3) 
                                                               Biology 5 (2.5) 1 (1.9) 0 (0.0) 18 (3.1) 
                                                                   Total 198 (100) 52 (100) 69 (100) 586 (100) 
Pearson‟s chi-square:  13.682         
Significance:  .321         
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 Given the complexity of the field of ecology and the unique structures, capacities, and 
constraints of formal and informal educational programs, the intent of this study was to move 
toward a consensus framework for ecological literacy in the ecology community that would be 
broadly applicable and adaptable in diverse educational contexts.  Calculation of the frequencies 
of items comprising the responses of more than 1,000 ecologists and other environmental 
professionals as to the nature of ecological literacy allowed for description of the overall 
distribution of the data set (Tables 3a, b).  Most respondents‟ definitions of ecological literacy 
were comprised mainly of ecological concepts (including concepts both specifically related to 
humans and not specifically related to humans), while scientific skills, affect, and knowledge in 
other fields, including local natural history, were also mentioned (Table 3a).  These results lend 
general support for a framework for ecological literacy that embraces a diversity of 
understandings, plus skills and affect. 
  The analytic process of identifying the common dimensions underlying respondents‟ 
perspectives resulted in the distillation of a concise set of ecological constructs and competencies 
as the distinguishing features of ecological literacy (Table 4).  These features were differently 
emphasized by distinctive groups of respondents (Table 5), which is not surprising when one 
considers the diversity of theoretical and practical expertise represented by professionals within 
the field of ecology.  The finding that these groups were mostly homogenous with respect to the 
demographic variables measured may be due in part to the open-ended manner in which the data 
were collected, i.e., the demographic questions were likely of insufficient precision, and the 
open-ended responses were likely too variable, to allow for much detection of differences 
between groups (Table 6).  However, the discovery that significantly more educators emphasized 
critical thinking and application as an essential component of ecological literacy than would be 
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expected by chance (p < 0.05) suggests that important differences in perspectives may need to be 
addressed if/when the conversation of ecological literacy is extended to include educators, 
education researchers, and other environmental and social scientists. 
   Acknowledging these differences, the common dimensions identified in this analysis 
were taken to represent a rough consensus among respondents as to the key constructs and 
competencies necessary for ecological literacy.  These key ecological constructs and 
competencies provided the foundation for the creation of an organizing framework for ecological 
literacy (Figures 2a, b).  Despite the rigors of this analysis, the results were by themselves 
insufficient to produce a framework for ecological literacy that was entirely data-driven, or 
empirical.  Such a data-based model could be only realistically achieved by re-administering a 
summated scales questionnaire, a series of related Likert-scale questions designed to measure 
and validate the underlying dimensions found in this study, from which a purely empirical 
representation could be constructed using structural equation modeling (De Vellis, 1991; Field, 
2009; Hair et al., 2009).   As such, the interpretation of the elements data set, as a whole,  and the 
subsequent refinement of the resulting framework were significantly influenced by the literature, 
particularly by numerous ecologists‟ previous efforts to conceptualize ecological literacy (Table 
1), who took seriously the challenges of balancing brevity with comprehensiveness, assuring 
practicality, and reflecting current terminology.  Compatible with the theoretical framework 
previously proposed by Berkowitz et al. (2005), this empirically-based framework consists of 
three main components:  
 An understanding of key ecological constructs; 
 An ability to apply the tools of ecological thinking to ecological questions; and 
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 An understanding of the interface between ecological and social systems coupled with an 
ability to apply ecological thinking in one‟s everyday life.   
 This framework differs most significantly from Berkowitz et al. (2005) in its 
organizational construction.  Whereas their framework depicted these components as evenly 
overlapping at a central point, the results of this study indicated a different arrangement, with the 
component of key ecological constructs nested within the component of ecological thinking.  The 
third component, ecology/society interface, emerges from the other two components (Figures 2a, 
b).   
 
Key Ecological Constructs 
 The first three factors underlying respondents‟ definitions of ecological literacy were 
cycles and webs, ecosystem services, and human impacts (Table 4).  The first factor, cycles and 
webs, explained the greatest amount of variance in the responses, with each successive factor 
explaining a slightly lesser amount of the total variance (Table 4; Field, 2009; Hair et al., 2009).  
Evolution/natural selection was the number one most commonly mentioned item but was not 
significantly associated with any factor (Tables 2a-b, 3); rather, it was ubiquitous across 
responses.  Taken together, cycles and webs, ecosystem services, human impacts, and 
evolution/natural selection were interpreted to represent the first main component of ecological 
literacy: key ecological constructs (Figure 2a).   
 Given the dynamics of the field of ecology and the rate at which global environmental 
change is occurring, we can no longer rely on teaching an ever-lengthening list of facts and 
concepts that we think constitute ecology, but instead must focus on elucidating a few key 
principles or constructs that foster greater understanding of our biosphere, and particularly of 
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humans‟ role in it.  What are these core principles or constructs that underpin our understanding 
of ecological patterns and processes?  How many are there?  Is an understanding of one principle 
more important than another for basic ecological literacy?  The literature abounds with 
discussion on whether fundamental laws, principles or unifying theories of ecology exist, with 
multiple, varied attempts to identify such fundamental or unifying structure (recently reviewed 
by Dodds, 2009; see also Knapp and D‟Avanzo, 2010), a debate which is reflected in the 
multiple frameworks for ecological literacy that have been proposed (Table 1).  Despite the 
challenges inherent in moving toward consensus, the identification of a few key constructs is 
essential.  The value of defining and drawing on a concise set of disciplinary principles and 
concepts for ecology is well grounded in research on cognition and learning, in that a 
pedagogical approach based on key constructs can provide learners with essential components of 
a mental model from which a deeper understanding of ecological pattern and process can be 
attained (Knapp & D‟Avanzo, 2010).  Key constructs provides a conceptual basis for the most 
essential and consistent features of the behavior of ecological systems, processes, and 
interactions that can be shared with others and from which a common understanding can be more 
readily achieved through discussions, assignments, or readings.  The four key ecological 
constructs emerging from this analysis, cycles and webs, ecosystem services, human impacts, 
and evolution/natural selection represent a rough consensus among respondents as to the 
foundational knowledge necessary for ecological literacy.  Together, these constructs can help to 
set broad limits to the complex and often unpredictable behavior of all ecological systems, from 
the cell to the globe.  An assimilation of these key constructs can lead to a deeper understanding 
of, and less confusion about, ecological pattern, process, and interaction. 
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Key Ecological Constructs 
 
Cycles and Webs 
Ecosystem Services 
Negative Human Impacts 
Evolution/Natural Selection 
Ecological Thinking 
 
Critical Thinking and Application 
Nature of Ecological Science 
Biogeography 
Interaction/Interconnectedness 
Figures 2a and b.  The three main components of ecological literacy: 1) key ecological 
constructs, 2) ecological thinking, 3) ecology/society interface.  a. Factors and items 
emerging from the analysis were interpreted to represent the first two components of 
ecological literacy: key ecological constructs and ecological thinking.   b. Learners can 
develop an understanding of the key ecological constructs using the tools of ecological 
thinking; as such, key ecological constructs are nested within ecological thinking.  The 
third component of ecological literacy, ecology/society interface, is emergent from the 
other two components. a. 
b. 
Ecology/Society 
Interface  
Key Ecological Constructs 
Ecological Thinking 
Integration of 
ecological/social systems 
Application of ecological 
thinking in everyday life 
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 1. Cycles and webs: the movement and storage of matter and energy is constrained by 
fundamental laws.  All ecological patterns and processes, from the smallest to the largest scale, 
are ultimately constrained by fundamental laws of physics and chemistry.  Energy flows through 
a system and is stored along the way in different chemical forms, but matter is neither created 
nor destroyed.  Reminding learners of the ultimate thermodynamic and chemical laws that 
constrain the movement of matter and energy is a critically important foundation for a mental 
model of ecology (Knapp & D‟Avanzo, 2010; Brewer et al., 2011). 
 2. Ecosystem services: the movement and storage of matter and energy connects humans 
to ecosystems, and is finite.  Building on the previous construct, this construct focuses on the 
movement and storage of matter and energy with respect to sustaining human existence, and of 
humans‟ tremendous role in transporting matter and energy out of and between local and distant 
ecosystems.  Ecological systems including, for example, agro-ecosystems, fiber-producing 
ecosystems, fish-producing ecosystems, and energy-yielding systems (see Berkowitz et al., 2005) 
are energetically open, but one or more key resources are usually finite or limiting subject to 
consumption, and their renewed availability is constrained by laws of physics and chemistry 
(Construct 1).  The recognition that resources are consumable, given the constraints on energy 
flow, and that resources are finite, or the rate at which they become available is limiting, is 
another essential component of a mental model of ecology.  In particular, because humans are 
fundamentally altering resource availability in ecological systems at a global scale, this construct 
is critical for understanding how ecological pattern and process are likely to be affected in the 
future (Smith et al., 2009). 
 3. Human impacts: humans’ influences on elemental ratios are affecting ecological 
pattern and process from the cellular to the global scale.  Building on the previous two 
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constructs, the fundamental constraints on matter and energy flow, and the finite, rate-limited 
nature of the availability of these resources, this construct focuses on the balance of elemental 
ratios.  All organisms are characterized by a common set of chemical requirements, and are 
composed of similar ratios of essential elements (Redfield, 1958).  Species differ in their abilities 
to acquire, allocate, store, and compete for these elements, which contributes to their relative 
success in particular environments, as well as patterns of their distribution.  Further, these 
elemental requirements determine the degree to which organisms alter their environments 
(Reiners, 1986).  Either directly or indirectly as a result of their activities, humans are altering 
elemental ratios in the environment at an incredible rate and on a global scale.  How these 
elemental ratios affect ecological patterns and processes is a critical construct for understanding 
the most pressing issues of global environmental change today. 
 4. Evolution: evolutionary history places broad constraints on the ecological present and 
future.  The current diversity of life and its underlying genetic structure is the product of 
evolution.  All contemporary and future ecological patterns and processes are influenced and 
constrained by the storage, transmission, and expression of this encoded information.  As with 
the previously described constructs, an understanding of this underlying “blueprint” of life helps 
to set broad limits to the complex behavior of all ecological systems, from the cell to the globe.  
Further, this construct is essential for understanding key issues such as disease resistance to 
antibiotics, pest resistance to chemicals, and human genetic responses to environmental changes. 
 In contrast with many traditional views of ecology that excluded humans or treated them 
as external influences on the systems of interest, the most notable feature of these results is the 
pervasive presence of humans.  Collectively, there was tremendous emphasis on the 
interconnection of humans with the environment, through their dependence and/or impacts on 
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ecological systems.  Notably, negative impacts of humans on the environment, dependence of 
humans on the environment, and interconnection of humans with the environment were the 
second, fifth, and ninth most frequently mentioned items, respectively (Table 3b).  These results 
both extend and support previously proposed frameworks for ecological literacy.  Earlier 
frameworks emphasized an understanding of ecological systems but tended to treat ecological 
and human systems separately (Risser, 1986;  Klemow, 1991; Berkowitz, 1997), whereas more 
recent frameworks proposed a more fully integrated understanding of ecological and human 
systems (Berkowitz et al., 2005; Jordan et al., 2009) (Table 1).  The results of this study reflect 
the more recent frameworks, considering humans as components of ecological systems, 
including managed systems, settlements, and engineered systems.  Berkowitz et al. (2005) 
succinctly described this interrelationship of humans and the environment in terms of five key 
ecological systems that merit understanding: 1) one‟s ecological neighborhood or ecological 
address; 2) the ecological basis of human existence; 3) the ecology of the systems that sustain us; 
4) the globe as an ecosystem and our impacts on it; and 5) genetic/evolutionary systems and how 
humans affect them. 
 The results of this study are highly compatible with this integrated view of human and 
ecological systems, and may be reflective of a fundamental shift within the field of ecology, in 
general. The traditional paradigm of studying ecological systems in (artificial) isolation from 
human activity has long been challenged, by those in other disciplines and by ecologists 
themselves.  Over the past several decades, numerous ecologists have argued for a fundamental 
shift from a focus primarily on historical, undisturbed ecosystems to a perspective that 
acknowledges humans as components of ecosystems (e.g., Odum, 1969; McDonnell & Pickett, 
1990; Lubchenko et al., 1991; Palmer, 2004a,b; Ellis and Ramankutty, 2008).  In order to 
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understand the interactions underlying complex ecological systems, ecologists have traditionally 
sought to investigate these systems in isolation from external influences- human influences, in 
particular.  Once the natural system is modeled, then human influences can be added to the 
model as external disturbances to the system.  The rich history of traditional ecological research 
has produced tremendous insights into the complex nature of ecological systems and 
interactions.  Today‟s ecologists stand on the shoulders of giants with respect to their individual 
and collective ecological understandings.  However, the simple fact is that there is no longer any 
ecological system that is uninfluenced by humans.  It is widely recognized that humans are 
integrated with and have fundamentally altered nearly all of Earth‟s ecological systems, either 
directly or indirectly, as a result of their activities.  Numerous studies have indicated that human-
ecosystem interactions can no longer be avoided in any substantial way in ecology (e.g., 
Vitousek et al., 1997; Novacek and Cleland, 2001; Intergovernmental Panel on Climate Change, 
2007; Wilkinson and McElroy, 2007; Ellis & Ramankutty, 2008).  Although there is a 
widespread sense that the traditional paradigm still persists,  much recent effort has focused on 
integrating humans into ecological research (for an extensive list of citations, see Ellis & 
Ramankutty, 2008).  
 The collective emphasis ecologists responding to this survey placed on human-ecosystem 
interactions as a key component of ecological literacy may also be reflective of this new 
paradigm.  However, if the contents of recent science education standards and instructional 
materials are an indication, such an integrated view is lagging behind in ecology education.  
McComas‟ (2002) review of the ecology content in the National Science Education Standards 
(NRC, 1996) showed that human-ecosystem interactions, in terms of humans‟ use of natural 
resources and role in environmental decision-making, are generally not introduced until high 
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school, whereas humans‟ negative impacts (particularly with respect to pollution and 
overpopulation)  are introduced as early as kindergarten.  Further, McComas‟ (2003) review of 
all major secondary school biology textbooks demonstrated that human-ecosystem interactions, 
in terms of natural resources use/ conservation and environmental decision-making were 
included in only ~50-75% of books, whereas pollution was included in nearly 100%.  These 
results indicate that, when humans are introduced in the context of ecology education, it is 
primarily in terms of their negative impacts, depicted as external disturbances to intact ecological 
systems.  Efforts to update and revise ecology standards and curricula to reflect a current view of 
ecological literacy must reflect a more integrated view of human and ecological systems (see 
Formal/Traditional Education below). 
 
Ecological Thinking 
 Ecological literacy comprises much more than just an understanding of key ecological 
constructs.  This analysis demonstrated that ecologists also identified, collectively, several higher 
order thinking and application skills as fundamental components of ecological literacy.  Beyond 
an understanding of key constructs, an ecologically literate individual is able to “connect the 
dots” among them, recognize the linkages between these concepts and environmental problems 
and solutions, and communicate and apply this knowledge in their daily lives.  An ecologically 
literate person can construct an understanding of the four key ecological constructs using the 
tools of ecological thinking.  To depict this relationship, the first component of ecological 
literacy, key ecological constructs, is nested within the second component, ecological thinking 
(Figures 2a, b).   
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 The fourth, fifth, and sixth factors underlying respondents‟ definitions of ecological 
literacy were critical thinking and application, nature of ecological science, and biogeography 
(distribution across space and time) (Table 4).  Interconnectedness/interaction of everything was 
the third most commonly mentioned item and was not significantly associated with any factor 
(Tables 2a-b, 3); rather, it was ubiquitous across responses.  Either explicitly or implicitly, 
critical thinking and application, nature of ecological science, biogeography, and 
interconnectedness/interaction of everything represented ways of thinking and knowing that are 
essential to ecology, and were interpreted to represent the second main component of ecological 
literacy: ecological thinking (Figures 2a, b).    
 1. Critical thinking and application: an ability to discern, evaluate, and apply ecological 
evidence.  Ecology is evidence-based and grounded in the scientific process of observation, 
experimentation, and hypothesis testing.  Ecologically literate individuals understand the 
different types of evidence needed to answer ecological questions, understand and can evaluate 
the different sources of evidence for addressing such questions, and can apply this evidence-
based thinking when communicating with others and making decisions.  Berkowitz et al. (2005) 
suggested that there are four main types of evidence in ecology (descriptive, comparative, 
experimental, and modeling), derived from three main sources (direct investigation/data 
collection, primary literature/direct communication with researchers, and secondary 
literature/intermediaries).  Ecologically literate individuals are not only adept at grappling with 
different types of evidence, but can think through, investigate, and participate in the collection 
and application of evidence to address questions about the environment.    
 2. Nature of ecological science: an ability to apply the process of science with 
“uncertainty in mind.”  Ecological science, while based on the scientific process in general, is 
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distinctive in important ways.  Building on the previous competency, this competency entails 
that the ecologically literate individual appreciates the sources of uncertainty inherent in studying 
the natural world, i.e., he or she can think and act with “uncertainty in mind” (Brewer & Gross, 
2003).  That is, the individual appreciates the nature and basic sources of variability in ecological 
processes and controlling factors and can use the basic ideas of probability when addressing the 
stochastic and highly variable nature of ecological systems.  The individual appreciates that the 
determinants of ecological patterns and processes are not only probabilistic, but occur at a 
diversity of temporal and spatial scales, and are interconnected and interactive (see 
Competencies 3 and 4, below). 
 3. Biogeography: an ability to alter one’s scale of measurement with respect to time and 
space.  All ecological systems, processes, and interactions, and the fundamental laws that govern 
them, are temporally and spatially dependent.  An ecologically literate individual understands his 
or her role as an observer on a particular scale and can think beyond this scale to larger and 
smaller scales, i.e., scaling up and scaling down.  With respect to time, the individual 
understands the two principal time scales at work in ecology: historical/ecological time (years to 
millennia) and evolutionary time (centuries to eons), and can take a long and very long view of 
the past and into the future.  He or she expect lags and legacies from the past and can anticipate 
their effects on current systems and future trajectories, and understands basic patterns of change, 
constancy, repetition, and unique events (Berkowitz et al., 2005).  With respect to space, an 
ecologically literate person understands how location determines the quality of any place and is 
adept at identifying how the environment changes across space, e.g., as gradients or patches, and 
the ecological causes and consequences of these patterns.  With respect to both time and space, 
the individual recognizes that the scale of data collection must be appropriately matched with the 
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research question.  That is, altering the scale of measurement, i.e., scaling up or down, alters the 
conclusions that can be drawn from an ecological study.   
 4. Interconnectedness/interaction: an ability to “connect the dots” in meaningful ways.  
Ecology is the study of interactions and multiple causal factors.  Ecological systems and 
processes are affected by multiple, interacting and variable abiotic and biotic factors.  An 
ecologically literate individual recognizes that considering objects of study in isolation from 
these connections and interactions severely limits one‟s understanding.  Yet, the ability to 
determine just which things are connected in important ways, and how they interact, is essential.  
This comprises an ability to explain and predict different functional connections within species 
and between species and the environment, and how species distributions are influenced by the 
interaction of biotic and abiotic factors. 
 Previously proposed frameworks also emphasized thinking skills and habits of mind as 
important components of ecological literacy.  Earlier frameworks discussed basic thinking 
approaches (clarification of the “everything is connected to everything else” concept; Risser, 
1986) or general scientific inquiry skills (Berkowitz, 1997).  Building on this work, more recent 
frameworks proposed more fully developed models of thinking that were specific to ecology 
(ecological thinking toolkit, Berkowitz et al.., 2005; ecological scientific habits of mind, Jordan 
et al., 2009) (Table 1).  The results of this study reflect the more recent frameworks, going 
beyond basic conceptualizations of connectivity and general scientific ways of knowing toward a 
more nuanced view of ecological thinking.  Berkowitz et al. (2005) proposed an ecological 
thinking toolkit, comprised of seven essential modes of thinking: 1) scientific or evidence-based 
thinking, 2) systems thinking, 3) trans-disciplinary thinking, 4) temporal thinking, 5) spatial 
thinking, 6) quantitative thinking, and 7) creative and empathic thinking.   
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 The results of this study are highly compatible with this proposed toolkit for ecological 
thinking, reflecting a collective recommendation to go beyond a basic “everything is connected” 
conceptualization of ecology.  Beyond this overly simplistic notion, the importance of 
determining and understanding specific biotic/abiotic interactions, and their influences on 
species distribution and abundance, was emphasized.  As discussed, respondents collectively 
identified a more explicit set of competencies that an ecologically literate person would be able 
to draw from when confronted with an environmental question or need for an ecological 
perspective.  Moreover, the results indicated a collective perception that there are ways of 
knowing essential to ecology that go beyond general scientific inquiry skills, including the ability 
to discern, evaluate, and apply different types of ecological evidence; the ability to think with 
uncertainty in mind when studying the natural world and to address the resultant variability; and 
the ability to alter one‟s temporal and spatial scales of measurement as appropriate.  Several 
studies have suggested that such habits of mind are distinctive to, and necessary for, ecological 
understanding (e.g., Hogan, 2000; Brewer & Gross, 2003; Berkowitz et al., 2005; Sander et al., 
2006).   
 However, the US National Science Education Standards (NRC, 1996) are limited to the 
description of more general scientific thinking skills, critical thinking, and inquiry skills.  
Further, life sciences textbooks tend to provide mostly cookbook-like laboratory exercises for 
ecology that explicitly instruct students what to do and when to do it, in an effort to achieve a 
predetermined “correct” answer (reviewed by McComas, 2003).  More recent studies have also 
shown that, when inquiry is actually included in science education, the fixed, formulaic activities 
practiced in schools do not represent the reality of science as practiced by scientists (Rudolph, 
2005; Grandy & Duschl, 2007; Hume & Coll, 2008).  Clearly, significant efforts are needed to 
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revise standards, assessments, and curricula to reflect a more nuanced view of ecological 
thinking (see Formal/Traditional Education below). 
 
Ecology/Society Interface 
 As discussed, the second, third, fourth, and fifth factors underlying respondents‟ 
definitions of ecological literacy were ecosystem services, negative human impacts, critical 
thinking and application, and nature of ecological science (Table 4).  Taken together, these 
suggested a third, emergent component of ecological literacy that placed ecological science in its 
social context: ecology/society interface (Figures 2a, b).  This component represents the 
convergence between ecological and social systems: an understanding of how these systems are 
integrated and the application of ecological thinking in one‟s everyday life.   
 Previously proposed frameworks also emphasized this critical interface, expressed in 
terms of ecology-culture interactions (Risser, 1986), personal responsibility (Berkowitz, 1997), 
and self knowledge with respect to human action and environmental linkages (Berkowitz et al., 
2005; Jordan et al., 2009) (Table 1).  Given the tremendous emphasis ecologists responding to 
this survey placed on human-ecosystem interactions, it is essential that this framework for 
ecological literacy also explicitly includes an open awareness of the social context of ecology.  
Participants in environmental decision-making must be able to consider the influence and 
interactions of economic, social, and ethical values in that process.  They understand how 
society, politics, and economics can influence the theories and practice of ecological science and 
how to safeguard against bias, requiring an appreciation of the dynamic, social, open, and 
conditional nature of ecology (see Berkowitz et al., 2005).  Further, ecologically literate 
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individuals are able to apply or support the application of ecological understanding to social 
needs and problems, and have an ethical stance concerning their responsibility to do so.   
However, the inclusion of values, ethics, and environmental problem-solving behaviors 
in ecological literacy may be construed as advocacy or environmentalism, which have 
unfortunately become pejoratives for some who are concerned that such stances might diminish 
the objectivity of the science (see Meyer et al., 2010).  Given this argument, should ecological 
literacy be human-centered and fundamentally oriented toward problem solving, or is this 
environmentalism?  Alternately, considering the state of our world, is ecological literacy 
essentially useless if it does not inculcate values and action necessary for sustaining our planet?  
As follows, what is the range of values appropriate for ecological literacy, and who should 
determine them?  These questions will likely remain the subject of debate for some time to come.  
 Numerous scholars have pointed out that scientific expertise diminishes neither scientists‟ 
passion for sustaining the biosphere nor their obligations as citizens, and have argued that 
scientists can be both objective and effective advocates (see Meyer et al., 2010).  It may follow, 
therefore, that ecological literacy should not limited to the dispassionate assessment and 
application of relevant science in decision-making, but should be balanced with attributes that 
inspire active participation and advocacy by the general public. A student who scores high marks 
on an ecology test yet fails to understand that there are rational causes worth fighting for may be 
just as uninformed as an environmentalist who takes action without understanding the science 
behind his or her cause (McComas, 2003).  Indeed, how values and actions are defined within 
ecological literacy requires more discussion.  Education about the environment has always 
contained two sides: one emphasizing scientific knowledge and the other emphasizing care and 
responsibility for the earth.  These correspond to two sides of human nature: our rational drive to 
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know the world, for the pure satisfaction of discovery and in order to adapt it to our ends, and 
our emotional need for identification and affiliation with the earth (Chawla, 2006).  At a 
minimum, recognition of the latter side, the role of values and actions, should be explicit in 
curricula designed to promote ecological literacy.   
 
Ecologists’ Recommendations for Achieving Ecological Literacy 
 In addition to an empirically-based framework for ecological literacy, this study allowed 
for the creation of a set of recommendations for achieving ecological literacy which also 
represented a current, collective view (Table 12).  Factor analysis revealed five dimensions 
underlying respondents‟ recommendations for achieving ecological literacy: education by mass 
media, formal/traditional education, financial incentive, participatory/interactive education, and 
communication/outreach by scientists (Table 9).  Distinctive groups of respondents emphasized 
these dimensions differently (though significant demographic variability among groups was not 
detected; Tables 10, 11), suggesting that differences in perspectives may need to be addressed 
if/when the conversation of ecological literacy is extended to include other participants and 
collaborators.  Respondents‟ recommendations spanned many sectors of society, including both 
formal and informal learning environments, public media, and professional science 
organizations.  In addition to schoolteachers, professors, and informal educators, ecologists 
identified diverse communication experts and engaged scientists as crucial promoters of 
ecological literacy.  As with the elements data set, the analytical results were by themselves 
insufficient to produce a set of recommendations for ecological literacy that was entirely data-
driven, or empirical.  As such, the interpretation of the pathways data set, as a whole, and the 
subsequent refinement of the resulting recommendations were significantly influenced by the 
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literature.  Clearly, efforts to promote ecological literacy must be truly interdisciplinary, bringing 
together ecologists and other environmental scientists in collaboration with formal and informal 
educators, social scientists, communication experts, and media professionals.  Not only can such 
multifaceted expertise offer invaluable insights and contributions with respect to the enrichment 
of educational standards, curricula, and assessments, it can aid in the development, 
implementation, and dissemination of formative and evaluative research, the production of state-
of-the-art media presentations, and the design of new public engagement initiatives aimed at 
promoting ecological literacy.  Drawing on this diverse expertise, ecologists can adopt new 
models of engagement, teaching, and assessment, use new communication tools, and frame their 
results in ways that are more meaningful for students, land managers, policymakers and various 
other groups in the general public (see Groffman et al., 2010; Pace et al., 2010).   
 
Education by Mass Media 
 The first factor underlying respondents‟ recommendations for achieving ecological 
literacy was education by mass media (Table 9).  This factor explained the greatest amount of 
variance in the pathways responses, with each successive factor explaining a slightly lesser 
amount of the total variance (Table 9; Field, 2009; Hair et al., 2009).  Collectively, respondents 
recommended a large-scale media campaign of sufficient scope and breadth as to significantly 
raise levels of ecological literacy among most segments of society.  This recommendation is 
timely and insightful, given that recent research has shown that the primary source of general 
news and information about science and technology in the United States is television (National 
Science Board, 2008; Pew Research Center on People and the Press, 2008), while the internet is
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Table 12. Eight recommendations for achieving ecological literacy emerging from respondents‟ views. 
Pathways factor Recommendation Summary 
   
1) Education by Mass Media  Implement a mass media campaign. A coordinated and prolonged campaign of internet, 
television, radio, and print media on the scale of the US 
anti-smoking campaign is needed. 
   
2) Formal/Traditional Education  Update ecology standards and assessments. Standards should reflect the most current vision of 
ecological literacy and should be useful for instruction, 
grounded in educational theory and research, and linked 
to assessment tools. 
   
  Update ecology curricula and instructional 
materials. 
New or complementary standardized textbooks and 
curricula based on well-defined standards coupled with 
appropriate assessments should focus on the 
connections between learners and their local 
ecosystems. 
   
3) Financial Incentive  Provide monetary incentive to motivate or prevent 
certain actions. 
Government remuneration for "green" activities and/or 
penalty for "non-green" activities may be effective for 
promoting ecological literacy. 
   
4) Participatory/Interactive Education  Involve students in authentic scientific engagement. Teaching for ecological literacy must have a strong 
constructivist base, i.e., people should learn ecology by 
doing ecology, particularly outdoors. 
   
  Incorporate informal learning opportunities. Nature centers, museums, and other non-school 
educational settings (including the internet) should be 
incoporated. 
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Table 12. (continued) 
 
 
  
Pathways factor Recommendation Summary 
   
5) Communication/Outreach by Scientists  Offer training and support for engaged ecologists. To be effective promoters of ecological literacy, 
ecologists need to be trained as skilled communicators, 
both as teachers and collaborators. 
   
  Recognize and reward ecologists for participating. Ecologists‟ efforts to promote ecological literacy must 
be recognized and rewarded on par with their ecological 
science contributions. 
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the source that Americans are most likely to turn to for additional information about a specific 
science-related topic (Pew Research Center on People and the Press, 2008).  Indeed, modern 
society has transitioned from offering relatively few media providers to enveloping the public in 
a “media haze” that includes numerous television and radio channels, print and online news 
publications, and online social networking opportunities (Groffman et al., 2010).  Several studies 
have suggested that the media can affect public understanding of science, with the most common 
impacts including increased awareness of, interest in, and attention to a science-related issue; yet, 
audiences‟ interpretations of what they see, hear, and/or read are contingent upon many variables 
(reviewed by Groffman et al., 2010).  However, above and beyond any demographic or other 
factors, diverse media outlets serve as important information contexts that can alter and/or 
reinforce the views of their respective audiences (Scheufele & Tewksbury, 2007). 
 Efforts to promote ecological literacy must take advantage of these powerful media 
resources.  The broad-scale dissemination of ecological information to the public demands a 
coordinated and prolonged campaign of television, internet, radio, and print media on the scale 
of the U.S. anti-smoking campaign (e.g., Palmer et al., 2004a).  Parts of the campaign could be 
structured around a set of high profile issues of broad public concern and help audiences 
understand the scientific basis for solving ecological problems.  Such efforts require that 
ecologists collaborate with social researchers, communication and media professionals who can 
help scientists to incorporate new conceptual and practical tools and approaches for public 
engagement into their outreach activities, and to put an effective model of public engagement 
into practice (see Groffman et al., 2010).  Providing relevant scientific information in a coherent 
way that resonates with the general public, environmental managers, and policy makers is a 
difficult challenge that requires ecologists to reevaluate the way that they interact with society.  
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Ecologists need to become more active in their communication with the public by framing their 
results in ways that are more meaningful to diverse audiences, engaging with these audiences in 
new capacities, and using new communication tools that can reach a wide range of target groups.   
   
Formal/Traditional Education 
 The second factor underlying respondents‟ recommendations for achieving ecological 
literacy was formal/traditional education, with respect to conventional classroom lectures, 
curricula, and coursework at all grade levels (Table 9).  Given this context, however, it is 
unquestionable that a traditional fact-based approach, whereby learners passively receive 
information from experts and give back the correct answers in the form of multiple-choice tests, 
is by itself inadequate for teaching and assessing ecological literacy, as it is for promoting 
conceptual understanding in general (see Gardiner, 1998).  In addition to an understanding of key 
ecological constructs, the framework for ecological literacy advanced by this study comprises 
numerous higher order thinking and application skills, as well as local, individual-based 
understandings which are difficult to assess with standardized tests (Blank & Brewer, 2003; 
Berkowitz et al., 2005).  The National Research Council (NRC; 2000, 2001) emphasizes the vital 
importance of aligning what we teach and what we expect others to learn with measures of 
learners‟ performance.  As discussed, significant revisions to ecology standards, assessments, 
and curricula are necessary to reflect and promote a modern vision of the key constructs and 
competencies essential for ecological literacy.  To be effective, efforts to promote and assess 
ecological literacy must be commensurate with expectations of what the literate individual 
should know and be able to do.   
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 Update ecology standards and assessments.  With these considerations in mind, the 
framework for ecological literacy advanced by this research can serve as an important resource 
for the development of educational standards articulating the core ideas and competencies to be 
developed at each grade level, and the elaboration of performance expectations and assessments 
appropriate to different educational settings.  Surprisingly, few respondents explicitly mentioned 
changes to assessments or standards in their recommendations for ecological literacy (Table 8).  
However, it is timely and exciting that the National Science Education Standards have recently 
undergone extensive revision and are currently under confidential external review by a group of 
independent experts selected by the NRC, with anticipated release to the public in late spring of 
2011 (National Academy of Sciences, 2011).  It will be especially interesting to see how these 
revised standards may align with and can enhance, or be enhanced by, the framework for 
ecological literacy advanced by this study. 
 In addition to deep conceptual understanding, ecological literacy includes the acquisition 
of skills that enable informed decision-making and action.  These competencies and others 
cannot be assessed through mid-term and final standardized tests alone, but must be continually 
assessed through students‟ demonstrations of their ecological thinking and problem solving 
abilities in controlled contexts.  The development of effective strategies for assessing these 
competencies represents a significant challenge, but over the last decade in particular, innovators 
in both the life sciences and education research have been exploring new models of teaching and 
assessment that emphasize the close connection between expected learning outcomes, teaching, 
and assessment (reviewed by Brewer et al., 2011).  For example, models of “scientific teaching” 
(e.g., Handelsman et al., 2004, 2007; Ebert-May & Hodder, 2008) and “backward design” 
(Wiggins & McTighe, 2005) begin with the articulation of clear, measurable learning outcomes 
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followed by the adoption of tools that are appropriate for evaluating the extent to which students 
have achieved those outcomes.  Ultimately, the types of assessments used and the data collected 
depend on the goals that instructors set for their students, with different types of assessments 
having different potentials for measuring student progress toward those goals.  Many excellent 
examples of assessment instruments for evaluating student learning and skills development in the 
life sciences have recently been proposed (reviewed by Brewer et al., 2011), and may be 
characterized with respect to two measures: their ease of administration and potential for 
correctly evaluating student achievement (Pelaez et al., 2005).  By following students‟ learning 
progress using the appropriate assessment tools, instructors can continually select and adjust 
their teaching strategies to keep students engaged and to help them deepen their understanding 
and abilities with respect to the key ecological constructs and competencies emphasized in a 
given unit or course.   
 Update ecology curricula and instructional materials.  Well-defined learning outcomes 
explicitly stating what students should know and be able to do at each grade level, coupled with 
appropriate assessment tools, can in turn serve as catalysts for renewed conversations about 
curricular evaluation and revision in ecology in diverse settings, as well as the creation of new 
curricula and instructional materials.  Similar to recent recommendations with respect to 
curricular revision in biology, discussions about curriculum revision for ecological literacy 
should focus on questions concerning 1) the types of linkages that exist or should exist between 
concepts and competencies, 2) the best time to introduce specific competencies, 3) ways of 
increasing the depth and sophistication of the competencies, and/or 4) ways of supporting the 
integrated development of student competencies throughout the academic curriculum (Brewer et 
al., 2011).  Developing a scope and sequence for ecological literacy is particularly challenging 
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because it is not readily achievable through a hierarchal or linear sequence; thus, an appropriate 
number of curriculum “cycles” over the K-16 formal education needs to be developed. 
Fortunately, relevant research addressing this challenge is currently underway (e.g., learning 
progressions for environmental science literacy; Environmental Literacy, 2011) and can directly 
inform this process. 
 Certainly, the usefulness of any proposed curriculum depends on its potential to be 
adapted to meet the local needs and resources of diverse formal and informal education settings.  
Perhaps most importantly, curriculum development efforts based on this framework should be 
adaptable to focus on local environments, emphasizing the actual connections and service-
providing ecosystems that directly tie learners their surroundings.  Students should be provided 
with very concrete and directly relevant topics of investigation and experiential learning, 
focusing on their home, schoolyard, city, and regional ecosystems.  A wealth of resources and 
relevant examples exist to help inform the development of locally-adaptable curricula for 
ecological literacy (e.g., Environmental Literacy Council, 2008; Cary Institute for Ecosystem 
Studies, 2011; Ecologists, Educators, and Schools, 2011).  
 
Financial Incentive 
 The third factor underlying respondents‟ recommendations for achieving ecological 
literacy was financial incentive (Table 9).  Respondents identified government remuneration for 
“green” activities and/or penalty for “non-green” activities as a potential pathway toward 
ecological literacy.  While this may, at first glance, seem an odd suggestion, it is important to 
consider how such induced behavior changes may contribute to ecological literacy.  Some 
researchers believe that if incentives are used to induce behavior, attitudes will follow (Fishbein 
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& Ajzen, 1975; Ajzen & Fishbein, 1980; also reviewed by Heimlich & Ardoin, 2008).  This 
occurs through the mechanism of cognitive dissonance, which develops when a person holds two 
contradictory cognitions, or beliefs, at the same time (Morris & Maisto, 2006).  To resolve the 
dissonance, or to bring one‟s thoughts, actions and feelings into alignment, one must change his 
or her attitude or the behavior.  Because changing one‟s attitude is easier than changing one‟s 
behavior, cognitive dissonance is believed to change attitudes (Morris & Maistro, 2006).  With 
respect to ecological literacy, providing financial incentives for pro-environmental behaviors, 
such as recycling, may link with and reinforce positive attitudes toward resource conservation 
and reuse. 
 
Participatory/Interactive Education 
 The fourth factor underlying respondents‟ recommendations for achieving ecological 
literacy was participatory/interactive education, expressed in terms of experiential, inquiry-
based, and/or applied learning experiences for students in general, including inquiries, labs, field 
trips and visits to museums and nature centers, etc. (Table 9).  Collectively, respondents urged 
that individuals should learn ecology by doing ecology.  As discussed earlier, traditional lectures 
and the cookbook-like science activities practiced in schools do not represent the reality of 
science as practiced by scientists in general, or by ecologists, in particular.  Indeed, for more than 
25 years, a major component of science education reform has been the promotion of scientific 
experiences that are grounded in reality (reviewed by Brewer et al., 2011). 
 Involve students in authentic scientific engagement.  Teaching strategies, or pedagogy, 
for promoting ecological literacy must engage students in activities that allow them to do 
ecology themselves, reflecting a constructivist view of learners and learning.  Constructivist 
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theory is based on the assumption that knowledge is “constructed” by learners as they attempt to 
make sense of their experiences; that is, learners are not empty vessels waiting to be filled, but 
rather are active organisms seeking meaning who construct their own knowledge by integrating 
new knowledge into what they already know (e.g., Ausubel, 2000; Driscoll, 2000).  Many 
instructional strategies have been designed, and proven effective, in engaging K-16 students in 
the life sciences more actively, and constructively, in every aspect of their learning (e.g., Krajcik 
et al., 1999; Etheridge & Rudnitsky, 2003; see also Brewer et al., 2011).  Salient features of these 
approaches include an initial assessment of students‟ existing knowledge; the use of a relevant, 
captivating experience that provides motivation for further development of understanding; a 
focus on the generation of questions and predictions; the collection, representation, and 
interpretation of data; and a consequential task that applies and refines the new knowledge.  
These approaches also tend to be cooperative, collaborative, and encouraging of students to 
interact with each other and their instructors.  Experiences designed to enhance ecological 
literacy should be modeled after these strategies, which have proven effective means of engaging 
students in real science. 
 Incorporate informal learning opportunities.  As discussed, science experiences in formal 
classroom settings certainly affect students‟ knowledge, interest, and attitudes toward science, 
both as children and as adults.  However, most people learn about science not through formal 
schooling, but through informal sources, including the media (see Education by Mass Media 
above), interpersonal contacts, and science centers or museums (Falk & Dierking, 2000; Nisbet 
& Kotcher, 2009).  This informal learning is individually motivated, collaborative and open-
ended, occuring at irregular intervals throughout one‟s life and encompassing a range of 
outcomes, including different dimensions of knowledge, awareness, motivation, civic 
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participation and expression, and consumer choices (Falk & Dierking, 2000; Maibach et al., 
2008; NRC 2009b).  In addition to serving as a powerful source of information, the “free-choice” 
environment of the internet offers numerous opportunities for engaged learning through 
participation in interactive media such as blogs, online communities, virtual worlds, and 
educational video games (reviewed by Groffman et al., 2010).  As such, nature centers, 
museums, and other non-school educational settings (including the internet) can and should be 
involved not only with respect to providing relevant ecological information, but for encouraging 
public participation in ecological research through citizen science initiatives.  Engaging the 
public in ecological research provides an excellent opportunity to share basic ecology with 
citizens, as well as to promote understanding of how this knowledge is generated, verified, and 
used to inform natural resource management and policy (see Bonney et al., 2009). 
 
Communication/Outreach by Scientists 
 The fifth factor underlying respondents‟ recommendations for achieving ecological 
literacy was communication/outreach by scientists, expressed in terms of enhanced debate, 
discussion, translation, and collaboration among scientists and other professionals (Table 9).  
Respondents recognized that ecologists themselves must take responsibility for communicating 
ecological knowledge to broader society. 
 Offer training and support for engaged ecologists.  To be effective promoters of 
ecological literacy, ecologists must be trained as skilled communicators, both as teachers and as 
collaborators.  Over the last decade in particular, there have been numerous calls for scientific 
training to become more interdisciplinary, and to place greater emphasis on teaching, public 
communication, and outreach (e.g., Lubchenco, 1998, Lubchenco et al., 1998; NRC, 2003; 
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Palmer et al., 2005; Brewer & Maki, 2005; Lowman, 2006; Leshner, 2007).  In response, new 
models for scientific training are emerging for scientists at all stages of their careers.  These 
models place greater emphasis on training scientists to participate on interdisciplinary research 
teams, work at science-policy and science-management interfaces, and communicate clearly and 
succinctly to diverse audiences in a variety of formats (see Chapter 5).  Current evidence clearly 
shows that graduate training programs are effectively providing ecologists with larger, deeper 
toolkits of skills, in addition to research and disciplinary expertise, that will enable them to 
contribute more effectively as promoters of ecological literacy.  Across the country, ecology 
graduate students are emerging from their training experiences with broader, more 
interdisciplinary perspectives on their fields of expertise, and improved communication, 
teamwork, and collaboration skills (Chapter 5).  Exciting new programs focusing explicitly on 
the relationships between science, the media, and society, aimed at improving nascent ecologists‟ 
ability to communicate effectively with public groups and the media, are emerging (Whitmer et 
al., 2010), and new interdisciplinary degree programs including coursework in communication, 
the sciences, policy, law, and sociology have been proposed (Nisbet & Scheufele, 2009).  Indeed, 
these types of programs are urgently needed to ensure that future leaders of the scientific 
enterprise are well-equipped with the tools to effectively communicate their science with diverse 
audiences well beyond their scientific peers, in addition to helping them address the key 
interdisciplinary questions that arise from complex environmental challenges facing society 
today. 
 Recognize and reward ecologists for participating.  Despite a growing recognition of the 
importance for ecologists to engage in public communication, teaching, and interdisciplinary 
collaboration, considerable challenges stifle these efforts.  Data suggest a lag and/or disconnect 
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between what institutions say they want (i.e., engaged scientists) and what they are actually 
encouraging (i.e., institutional practices of reward) (Driscoll, 2009).  Academic institutions often, 
and perhaps unintentionally, constrain scientists from fully participating in these efforts.  
Challenges include disciplinary issues related to peer review, including the process of 
publication as well as professional assessment of faculty for promotion within academia, and 
institutional culture and structure (reviewed by Whitmer et al., 2010, see also Anderson et al., 
2011).  The current faculty reward system discourages enthusiastic scientists from investing their 
time in efforts that would promote ecological literacy, an issue that requires attention at 
individual institutions and at the national level.  Ultimately, efforts to promote ecological literacy 
must be recognized and rewarded on par with ecological science contributions.  Fortunately, new 
models that encourage and celebrate such balance are gaining momentum, through the 
recognition of scientists who practice excellent teaching (see Brewer and Smith, 2011), engage 
in public outreach and communication (Pace et al., 2010), and participate in interdisciplinary and 
collaborative research (Whitmer et al., 2010).  Academic departments and institutions must strive 
to emulate the very culture inherent in ecological literacy itself: one that embraces trans-
disciplinary thought, supports collaboration, and honors diverse pathways toward contribution 
for a better world. 
 
Summary  
 It is an exciting but difficult time in ecology.  As global environmental issues intensify 
and become increasingly complex, the environmental science community is increasingly 
challenged to contribute the most current scientific information to the environmental decision-
making process, and to be actively involved in creating an ecologically literate citizenry. The 
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nature of ecological literacy has been the subject of debate for several decades, and the 
discussion will undoubtedly continue to evolve in many important ways.  However, now more 
than ever before, the environmental science community must make a serious commitment to 
improving ecological literacy nationwide.  The results of this study reflect the collective vision 
of over 1,000 professional ecologists regarding the essential elements of ecological literacy and 
the pathways to achieve it.  The time has come to realize this vision and implement these 
recommended changes, through a concerted, sustained, and collaborative effort among ecologists 
and other environmental and social scientists, educators, education researchers, and media and 
communication specialists. Ideally, this work will help to provide guidance for the development 
of updated ecology curricula and assessment tools, a foundation for discussion of alignment 
between K-12 and higher education, and a mechanism for creating greater synergy between 
formal and informal learning environments.  Future initiatives should focus on the development 
of educational standards that articulate the core ideas and skills to be developed at each grade 
level and provide examples of performance expectations.  Further, new methods of public 
engagement and communication must be developed and implemented to reach a wide range of 
audiences.  Such initiatives will depend on the willingness of individual ecologists (with the 
support of their institutions) to establish new partnerships and reach out to broader audiences.  
These steps are clearly necessary to inform, inspire, and promote an ecologically literate 
citizenry that is willing and able to make informed decisions for a brighter future. 
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Abstract 
 In response to the need to prepare students to meet the challenges of the 21
st
 century, new 
models of graduate education are emerging across the country.  One model is provided by the 
National Science Foundation‟s (NSF) Graduate Teaching Fellows in K-12 Education (GK-12) 
program, which broadens graduate students‟ training beyond their traditional research programs.  
We explored the impact of an ecologically focused GK-12 program at The University of 
Montana, as well as the broader impacts of a set of other environmental science oriented GK-12 
programs in the USA.  When asked to reflect on the nature of their professional growth in the 
GK-12 program at The University of Montana, 72% of fellows reported that they had become 
more skilled, knowledgeable, and confident teachers.  Moreover, 83% emphasized that they had 
become more well-rounded, conversant, and collaborative scientists.  These types of programs 
are urgently needed to ensure that future leaders of the scientific enterprise are well-equipped 
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with the tools to conduct science as skilled collaborators, to help them address the key 
interdisciplinary questions that arise from complex environmental challenges facing society, and 
to better communicate their science with diverse audiences well beyond their scientific peers. 
 
Introduction 
 As global environmental issues intensify and become more multifaceted and complex, the 
environmental science community is increasingly challenged to contribute the most current 
scientific information to the environmental decision-making process.  Ecological knowledge and 
expertise are urgently needed in addition to the social, political, and economic perspectives that 
factor into environmental decisions.  This requires that ecologists effectively engage with 
scientists in other disciplines and with policymakers, land managers, and the general public 
(NRC, 2009).  
Traditionally, ecologists and other scientists have tended to communicate mostly with 
their research colleagues through their writings and at meetings.  This is no great surprise 
because traditional models of scientific training do not typically prepare ecologists to be 
effective communicators and collaborators with stakeholders outside of their fields. To address 
this issue, there have been numerous calls over the past two decades for scientific training to 
become more interdisciplinary (e.g., Brewer et al., 2011), and to place greater emphasis on 
teaching, public communication, and outreach (e.g., Lubchenco, 1998; Lubchenco et al., 1998; 
NRC, 2003; Palmer et al., 2005; Brewer & Maki, 2005; Lowman, 2006; Leshner, 2007).  
 In response to this need, new models for scientific training are being developed for 
scientists at all stages of their careers.  These models place greater emphasis on training scientists 
to participate on interdisciplinary research teams, work at science-policy and science-
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management interfaces, and communicate clearly and succinctly to diverse audiences in a variety 
of formats.  Being able to understand, contribute to, and excel in a wide variety of fields, and to 
communicate effectively with a diversity of audiences and media comprise the attributes of what 
we consider to be the new “Renaissance scientist.”   
 Historically, the label Renaissance man, or polymath, was used to describe someone who 
excelled in a wide variety of subjects or fields (Figure 1a).  This polymath ideal arose as part of a 
cultural movement that began in Italy during the late Middle Ages and later spread to the rest of 
Europe.  The polymath ideal embodied the basic tenets of Renaissance Humanism, in which 
humans were considered limitless in their capacities for development.  Ideally, individuals could 
strive to develop their capacities as fully as possible, including the acquisition of almost all 
available important knowledge (i.e., “universal knowledge”), and to make contributions of 
significant works in multiple fields.  References to the Renaissance man – akin to the polymath 
of the middle ages - first appeared in the 19
th
 century.   Painter, scientist, and inventor, Leonardo 
da Vinci, for example, has often been described as the archetypal Renaissance man (see 
Polymath, 2010). 
 Today, however, “universal knowledge” is likely impossible for any one individual.  In 
fact, it is a challenge for the specialist to master the accumulated knowledge of a single restricted 
subfield.  Moreover, today the Renaissance ideal may even have negative connotations.  For 
example, by sacrificing depth for breadth, an aspiring scientist might be unkindly described as a 
“jack of all trades, master of none.”  Yet, given the challenges that face us in the 21
st
 century 
(e.g., NRC, 2009), we argue that it is time to revisit the Renaissance ideal in how we train future 
scientists.  The specialist‟s narrow perspective may not adequately prepare them to play a 
significant role in addressing the complex challenges outlined by the NRC (2009) of  
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Figure 1.  Re-envisioning the renaissance scientist.  a. The archetypal renaissance scientist, who 
held “universal knowledge” and made significant contributions in multiple fields; b. 21
st
 century 
renaissance scientists, who pursue a multidisciplinary approach to knowledge and contribution 
through collaboration; c. The hyperspecialist, who attempts to master and make significant 
contributions in a single restricted subfield. 
 
a. Archetypal renaissance scientist 
c. Hyperspecialist 
b. 21
st
 century renaissance scientists 
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understanding and sustaining ecosystem function and biodiversity in the face of rapid change.  
As a substitute for the traditional model of increasingly specialized training in one sub-discipline, 
scientists who will make major advances will need broad training that prepares them to 
collaborate effectively across disciplines (Figure 1b).  Individuals trained in this way may 
become the new generation of Renaissance scientists to address the challenges of the 21
st
 
century.   
 Attributes of the new Renaissance scientist would include content/disciplinary expertise, 
shared knowledge, communication skills (including teaching), and well-developed collaborative 
skills (Brewer & Maki, 2005).  These scientists must be able to bring their in-depth expertise to 
the work of interdisciplinary teams.  They also need a strong foundation in allied fields to be able 
to read, understand problems, and ask good questions of collaborators in those fields.  In 
particular, Renaissance scientists need to effectively communicate not only with their peers, but 
also to non-specialists and non-scientists (including students) alike in a manner that advances the 
conversation from a variety of perspectives.  Finally, Renaissance scientists will be able to 
“cooperate, contribute, compromise, and criticize” in a way that moves the work of the team 
forward and stimulates integration and synthesis (Brewer & Maki, 2005; p. 48). 
 Educational programs that specifically emphasize and encourage the development of 
these skills are emerging for scientists at all stages of their careers.  These range from the “New 
Biology” and “Renaissance Campus” programs for undergraduates that emphasize real 
interdisciplinary problem-solving experiences (NRC, 2003; Brewer & Maki, 2005), to the Aldo 
Leopold Leadership Program, a leadership and communication training program for mid-career 
environmental scientists (Lubchenco et al., 1998; Erlich, 2002; Lowman, 2006; Leshner, 2007; 
Richmond et al., 2007).  
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 At the graduate level, new models are emerging as well, designed to broaden the training 
of students beyond the narrow focus on research in a single field (Austin, 2002; Pruitt-Logan et 
al., 2002; Campbell et al., 2005).  Programs such as the Responsive PhD Initiative of the 
Woodrow Wilson Foundation, the Carnegie Initiative on the Doctorate and the National Science 
Foundation (NSF) Integrative Graduate Education and Research Traineeship (IGERT) programs 
advocate much broader conceptualizations of doctoral education, with an emphasis on 
transcending traditional boundaries through interdisciplinary research and collaboration, thereby 
training scholars who are capable of communicating and applying their expertise in broader 
society.  Another program, the NSF Graduate Teaching Fellows in K-12 Education (GK-12) 
Program, focuses on improving graduate student teaching and communication skills, as well as 
the broader background and perspective needed by a new generation of Renaissance scientists.   
 
The GK-12 Model 
 The NSF initiated the GK-12 program in 1999, recognizing that, in addition to being 
expert researchers in a given field, graduate students in science, technology, engineering, and 
mathematics (STEM) disciplines must be broadly trained and able to communicate science and 
research to a variety of audiences.  Through this program, graduate students serve as “scientists 
in residence” in K-12 school settings and are able to work with teachers and students.   This 
experience provides them with the opportunity to acquire additional skills that will broadly 
prepare them for professional and scientific careers in the 21st century (NSF, 2011).  Through 
the GK-12 Program, the NSF has funded over 200 programs at more than 140 different 
universities throughout the United States and Puerto Rico (NSF, 2011).  Ideally, graduate 
193 
 
students leave their fellowship experience with improved communication, teaching, and team-
building skills, i.e., the traits and dispositions of a 21
st
 century Renaissance scientist.   
 Despite the large and growing number of GK-12 programs that have emerged across the 
country over the last decade, only a few published studies have assessed their impacts on 
graduate student participants, with most studies focusing instead on K-12 students and/or their 
teachers.  However, there is a growing body of evidence demonstrating the numerous important 
benefits for graduate fellows.  Through their participation, fellows gain a fuller understanding 
and mastery of the complexities of teaching (Ferreira, 2007; Thompson, Collins, Metgar, et al., 
2002; Mitchell, Levine, Gonzalez, et al., 2003; Stamp & O-Brien, 2005; Trautmann & Krasny, 
2006).  In addition to focusing on graduate fellows‟ improved teaching skills, some studies have 
focused on fellows‟ communicative and collaborative skills, and progress in their research 
programs during their fellowship experiences (Thompson et al., 2002; Williams, 2002; 
Trautmann & Krasny, 2006; Moskal, Skokan, Kosbar, et al., 2007).   
 In this paper, we look at the impact of one ecologically focused GK-12 program at The 
University of Montana (UM), as well as the broader impacts of a small set of other 
environmentally focused GK-12 programs in the USA.  In particular we examined participant 
perceptions of the impact of this training model on their preparation as scientists and educators.  
Our paper contributes to the growing body of evidence in support of these new approaches to 
graduate education.   
 
The UM GK-12 Program 
 The UM GK-12 Program, Ecologists, Educators, and Schools (ECOS) provided 
fellowships to 29 Ph.D. students over a 5 - year period.  The UM GK-12 fellows represented a 
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broad range of disciplines within the environmental sciences, including plant ecology, soil 
ecology, wildlife biology, chemistry, geology, and forestry.  Fellows worked in partnerships with 
teachers at rural and suburban elementary, middle, and high schools with the common focus of 
engaging students in scientific research and inquiry-based learning, and promoting use of 
schoolyards as outdoor laboratories (No Child is Left Indoors!).  The teams (two fellows plus two 
teachers) worked together to determine how an inquiry/investigative approach could best be used 
to supplement and/or enhance established curricula, while using and enhancing the schoolyard as 
an outdoor laboratory whenever possible.  Additionally, teams worked in collaboration with 
other academic and non-academic researchers and professionals to implement a large variety of 
special projects to enhance site-based learning about ecology.  In general, teams applied three 
different approaches (see Box 1). 
 In addition to their work as scientists-in-residence, fellows participated in several 
professional development activities, including two intensive week-long summer training 
institutes, several mid-year workshops, and a year-long weekly seminar.  These activities 
focused on 1) reviewing the literature related to science education pedagogy, current education 
reform movements, and the use of technology in the classroom; 2) developing effective teaching 
strategies to implement innovative guided and open inquiry investigations in a classroom or 
outdoor field setting; 3) using classroom-based research methods and assessment techniques to 
connect their teaching with student learning, and then write a chapter of their dissertation about 
their results for possible publication in a relevant teaching journal; and 4) preparing an academic 
portfolio including a professional curriculum vitae, including teaching and research philosophies.  
Elements of successful partnerships and the most effective collaborations between teachers and  
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Box 1. Approaches to teaching and learning in the UM GK-12 program 
Original or adapted ecological inquiries and investigations. Classroom and schoolyard 
activities were designed or adapted by teams to meet curriculum requirements through an 
inquiry-based approach.  For example, a graduate student in soil ecology involved students in 
an inquiry about the effects of soil organic matter on plant growth (Piotrowski et al. 2007).  
Similarly, graduate students in wildlife biology taught students about population ecology by 
involving them in a mark-recapture inquiry with crickets (Whitely et al. 2007), and about 
predation avoidance strategies through inquiries about warning coloration and camouflage 
(Fontaine and Decker 2009).  Another graduate student in plant ecology taught students about 
plant adaptation by involving them in an inquiry about seed type and dispersal mechanisms 
(Bricker 2009).  For more original inquiries designed by UM fellows, see 
www.bioed.org/ecos/inquiries/.   
 
Open-ended ecological research.  Fellows devised original experiments or series of 
experiments, monitoring projects, or other research designed and conducted by students.  For 
example, a graduate student whose doctoral research focused on fire ecology worked with 
high school biology classes and the local Department of Natural Resources and Conservation 
to design and conduct experiments on the effects of a prescribed burn in an area adjacent to 
their schoolyard.  Other graduate students in forestry worked with elementary school classes 
to predict and monitor the timing of leafing and flowering of species in their schoolyards in 
collaboration with Project Budburst!, a national citizen science campaign 
(www.budburst.org).  
 
Outdoor ecological research demonstration laboratories.  Graduate fellows worked with 
teachers and students to create physical structures on school grounds, in collaboration with 
other experts from the university and community, including non-profit environmental 
organizations, artists, landscape architects, and carpenters.  These serve as continuing 
resources for teaching and learning about ecology.  For example, one school developed a 
native plant garden, while another built an interpretive nature trail.  For a full description of 
the laboratories created at each school, see www.bioed.org/ecos/demo.htm.  
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scientists were explored through readings and discussions (e.g., Brewer 2002 a, b) and 
approaches to teaching ecology using local resources were emphasized.  
 A number of tools and resources were developed as distinctive and lasting legacies of the 
ECOS program.  All fellows contributed to the development of interactive identification keys, 
glossaries, and species descriptions in a novel web-based natural history guide designed to 
provide easy access to information on the plants, animals, geology and habitats of the western 
Montana region, including original scientific illustrations (http://nhguide.dbs.umt.edu/).  As 
detailed in Box 1, all fellows also contributed over 70 inquiry-based investigations to the free, 
web-based ECOS resource for ecological education, and worked in collaboration with a wide 
diversity of community members to build ecological learning centers on the grounds of every 
ECOS school.  The unique fusion of ecology, art, and creative interdisciplinary collaboration that 
characterized the ECOS program embodies a Renaissance scientist ideal. 
 
Tracking the Development of Renaissance Scientists at UM and Beyond 
 The UM GK-12 fellows were asked to participate in pre- and post program assessment 
surveys that included both Likert scale and open-ended questions.  Fellows were asked to rate 
their levels of skill or experience with a series of teaching, research, and communication skills, 
and to provide information about their career goals.  They also were asked to respond to open-
ended questions about their expectations of and experiences in the program.   
 One year following the end of the GK-12 program at UM, all fellows were contacted and 
asked to complete a web-based survey related to their GK-12 fellowship experience. We also 
asked all faculty advisors of GK-12 fellows about their perceptions of the GK-12 experience for 
their students.  Fellows and advisors also rated the degree to which a series of research, public 
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communication, and teaching skills were emphasized in the graduate programs in their 
departments.  Finally fellows were asked to rate the importance of these skills to their career 
goals.   
For comparative purposes we also invited fellows and their advisors in other 
environmental science GK-12 programs to participate in our survey.  Principal investigators of 
other NSF GK-12 programs that were classified as ecology- and/or environment-related (38 
programs) were contacted via e-mail, and asked to forward the link to our web-based surveys to 
all current and former Ph.D. fellows, as well as to faculty advisors in their programs.  A total of 
78 Internet surveys were completed (44 Ph.D. fellows, 34 advisors), representing nine 
universities including UM.   
 
Professional Growth as Teachers 
 Graduate students who held GK-12 fellowships were likely to be interested in teaching as 
a part of their future careers.  While fellows indicated a surprising diversity of career goals, 89% 
indicated that they were interested in a career as a teaching professor, the most commonly chosen 
career goal (Table 1).  Similarly, 84% of fellows indicated that they wished and expected to gain 
improved teaching skills and confidence through their fellowship experience, the most common 
expected gain (Table 2).  For example, one fellow stated “I hope to gain teaching skills that will 
eventually help me in future teaching positions (i.e. college professor).”  Across GK-12 
programs, 77% of fellows indicated that teaching was extremely important to their career goals 
(Figure 2c).  These findings concur with those reported by Trautmann and Krasny (2006) who 
reported that the majority of applicants to their GK-12 program at Cornell University professed a  
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Table 1.  Career plans reported by UM GK-12 fellows, pre-fellowship. 
Career Plans
a
 
Number of Fellows 
(Percentage) 
 Professor - teaching at a college or university 24 (89) 
 Researcher 22 (81) 
 Nonprofit organization (e.g., Nature Conservancy, etc.) 18 (67) 
 Government agency 16 (59) 
 Private – environmental consulting 15 (56) 
 Science writer 9 (33) 
 Professor - teaching at the K-12 level 6 (22) 
 Museum 5 (19) 
 Administration 3 (11) 
 Volunteer (e.g., peace corps, etc.) 3 (11) 
 Private – industry/business 2 (7) 
 Private – other consulting 2 (7) 
Note: As indicated in beginning-of-year written questionnaires completed by 27 Ph.D. 
fellows in the first through third years of the ECOS program.   
a. In response to the instruction “What are your career plans?  Choose as many as 
apply.” 
 
 
Table 2.  Pre-fellowship expectations and post-fellowship greatest benefits reported by UM GK-
12 fellows. 
                                                                                                                     Pre-Fellowship 
                                                                                                                Number of Fellows 
Expected Gains/Greatest Benefits
a
                                                                (Percentage)                                                                                                                   
    Post-Fellowship 
Number of Fellows 
  (Percentage) 
Improved Teaching Skills/Knowledge/Confidence 21 (84) 13     (65) 
Renaissance Scientist Skills 16 (64) 10     (50) 
          Improved Communication Skills 9                6 
          Improved Interdisciplinary Teamwork/Collaboration  7                6 
          Broader Ecological Knowledge  5                - 
          Greater Community Involvement/Contacts 1                1 
          Creative Outlet 1                - 
Enjoyment of Working with Children 2 (8)               6    (30) 
Stipend -                1    (5) 
Note: As indicated in beginning-of-year written questionnaires completed by 25 Ph.D. fellows and end-of-year 
written questionnaires completed by 20 Ph.D. fellows in the first through third year of the ECOS program.  
Responses for each column total more than 25 and 20 (and percentages total more than 100) because some 
fellows reported more than one expected gain and/or greatest benefit.  The item in bold is not the sum of the 
subcategories listed beneath it; rather, it is a count of the number of fellows who cited at least one of the listed 
subcategories. 
a. In response to questions, “What do you hope to gain by participating in the ECOS program?” and 
“What was the greatest benefit of participating in the ECOS program?” 
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Figures 2a-c.  GK-12 Ph.D. fellows‟ perceptions of the importance of research, public 
communication, and teaching to their career goals (n = 44).  The category of research was 
created by pooling responses to the following skills: presenting research at scientific conferences 
or meetings; publishing in peer-reviewed journals; developing novel research methods, models, 
and analyses; and securing grants.  Similarly, the category of public communication was created 
by pooling responses to the following skills: publishing in popular journals/magazines; 
presenting research to non-scientific audiences; and communicating research to policy-makers. 
a. Research 
b. Public Communication 
c. Teaching 
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keen interest in teaching and were aiming for careers at colleges or universities where teaching 
was a priority.   
 Improved teaching was cited as the primary fellowship benefit by fellows at UM.  In 
response to an open-ended survey question about the greatest benefit of their fellowship 
experience, 65% of fellows cited improvements in their skills, knowledge, and/or confidence 
with respect to teaching (Table 2).  Comparisons of pre- and post-fellowship survey data showed 
significant gains by fellows in all aspects of teaching surveyed, including teaching at different 
grade levels, curriculum development, teaching methods, extensions, and assessment and 
management (Table 3).  In particular, there was significant improvement in their skill levels with 
inquiry-based teaching strategies (Table 3), a key benefit specifically cited by other GK-12 
programs (e.g., Thompson et al. 2002, Stamp and O‟Brien 2005, Trautmann and Krasny 2006).   
 While most fellows reflected upon how their improved teaching skills made them better 
teachers, several explained how their improved teaching skills made them better scientists.  For 
example, one fellow stated, “One of the greatest benefits was being able to interact with students 
and teachers outside of a university setting.  This allowed me to think critically about how I 
communicate to non-specialist audiences as a scientist…”  Another felt that the greatest benefit 
was “learning about education [and] being involved with people from other disciplines.”  Closely 
following improved teaching skills, 50% of UM fellows felt that improved communication and 
collaborative skills were the greatest benefit of their ECOS experience (Table 2).   
 The perception of becoming better scientists through becoming better teachers is a 
recurrent theme across GK-12 programs.  For example, fellows reported that by having to 
articulate complex ideas to students, they were forced to reflect deeply on fundamental science 
concepts and the relationships and logical sequences amongst them in ways they never had  
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Table 3.  Changes in UM GK-12 fellows‟ self-reported knowledge and skills related to teaching. 
Knowledge or skill
a
 
Pre-survey 
mean 
Post-survey 
mean 
Grade Levels/Groups   
       Teaching ecological topic to elementary school students 2.6 3.8* 
       Teaching ecological topics to middle school students 2.4 3.2 
       Working with a K-12 teacher on an ecology topic 2.3 3.8* 
Curriculum Development   
       Interpreting Science Curriculum Standards 1.3 3.2* 
       Developing a series of lectures on a topic 2.3 2.8 
       Developing instructional modules on a topic 2.1 3.2* 
       Developing laboratory investigations 2.8 3.2 
       Developing instructional simulation models 1.5 2.1 
Teaching Methods   
       Lecturing 3.1 3.3 
       Leading a discussion 3.3 3.8* 
       Implementing a classroom research project 2.0 3.7* 
       Inquiry-based learning 2.7 3.8* 
       Project-based learning 2.7 3.4 
       Facilitating student learning rather than direct instruction 2.8 3.6* 
       Integrating technology to support student learning 2.3 3.0* 
Extensions   
       Including ongoing research in course instruction. 2.4 3.1* 
       Connecting biology content to the outside world 3.4 3.8 
       Connecting biology to careers 2.9 3.2 
Assessment/Management   
       Using educational assessment protocols 1.5 2.4 
       Using objective tests  2.5 2.7 
       Using essay tests 2.3 2.6 
       Using assessment tasks  1.8 2.4 
       Using systematic observation of students 1.3 2.3* 
       Monitoring class participation 2.0 3.1* 
       Supervising students/tutors/teaching assistants  3.1 3.5 
 
*Statistically significant, paired t-test (p < .05). 
 
Note: As indicated in beginning-of-year and end-of-year written questionnaires completed by 18 
Ph.D. fellows in the first through third year of the ECOS program, for whom we had complete 
pre- and post- survey data. 
a. In response to the instruction “Please indicate the level of skill or experience you have 
with each of the following compared to your peers,” with 0 = none, 1 = minimal, 2 = 
slightly below average, 3 = slightly above average, 4 = well above average, and 5 = 
expert. 
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before (Mitchell et al. 2003, Stamp and O‟Brien 2005, Trautmann and Krasny 2006).  Many 
reported that this experience directly improved their ability to frame and approach their own 
research questions and hypotheses more clearly. 
  
Professional Growth as Renaissance Scientists 
 Typically, UM fellows indicated that they were interested in a career that valued both 
teaching and research.  Closely following teaching professor, researcher was the second most 
commonly indicated career goal, chosen by 81% of fellows (Table 1).  Many fellows expressed a 
desire to become equally effective as teachers and researchers.  One fellow aspired “to become 
an effective biology teacher at all levels of education, to [develop] better collaborative skills 
outside the university environment, [and] to learn research techniques of other disciplines.”  
Similarly, another fellow stated “I hope to gain skills that will help me secure a job at a small 
college serving as both a biologist and educator....”  Across GK-12 programs, the majority of 
fellows expressed the desire to pursue both teaching and research as main components of their 
future careers. Of GK-12 fellows in our national pool, 77% indicated that teaching was 
extremely important to their career goals, closely followed by 68% who indicated that research 
was extremely important (Figures 2a and c).   
 While the majority of UM fellows sought to gain improved skills and confidence 
specifically related to teaching, 64% explicitly wished to improve their skills as more well-
rounded scholars through improved communication and collaboration skills (Table 2).  That is, 
many desired more interdisciplinary training that they felt was not available from their traditional 
research programs.  For example, one fellow sought “greater communication skills with non-
scientific audiences, greater community involvement as a scientist, [and] more experience with 
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teams and team building with both scientific and non-scientific members.”  Similarly, another 
fellow wished to develop “[an] ability to disseminate ecological concepts to children and lay 
public in a lasting manner that increases ecological literacy, improved group/team skills, [and] 
improved knowledge on interdisciplinary approaches.”  One fellow even expressed the desire for 
a “creative outlet” in addition to her traditional research program (Table 2).    
 Despite initial concerns from the scientific community, particularly graduate student 
advisors, that intensive involvement in K-12 outreach would detract from graduate students‟ 
focus on their research, such involvement has been found to help many graduate students gain 
knowledge and skills directly related to their research and expertise in science (Williams 2002, 
Trautmann and Krasny 2006, Moskal et al. 2007).  In response to an open-ended survey question 
about the nature of their professional growth in the UM GK-12 program, 83% of fellows focused 
primarily on their growth as scientists, followed by their growth as teachers (Table 4).  This is 
surprising, given that improved teaching was the most highly anticipated/expected gain from 
participating in the ECOS program in the pre-survey (Table 2). 
 In particular, pre- and post fellowship survey data suggested that fellows‟ self-perceived 
skill levels with numerous aspects of research improved significantly over the course of the year.  
Our data revealed significant gains in all aspects of research surveyed, including utilizing the 
scientific method, communicating with peers, and communicating with other groups (Table 5).  
Most notably, fellows‟ self-perceived skill of communicating about science to non-scientists 
improved significantly (Table 5) and it was the most commonly mentioned skill in fellows‟ 
descriptions of the nature of their professional growth as scientists (Table 4). 
 In describing the nature of their professional growth, many fellows focused on how they 
had become more well-rounded, effective scientists.  For example, one fellow stated, “I feel I  
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Table 4.  Reflections of UM GK-12 fellows on the nature of their professional growth, post-
fellowship. 
Renaissance Scientist Skills 15 (83) 
          Improved Communication Skills   11  
          Improved Interdisciplinary Teamwork/Collaboration Skills 6  
          Broader Ecological Knowledge 1  
          Greater Community Involvement/Contacts 1  
          Greater Confidence/Sense of Purpose as a Scientist 1  
Improved Teaching Skills/Knowledge/Confidence 13 (72) 
Note: As indicated in end-of-year written questionnaires completed by 18 Ph.D. fellows 
In the first through third year of the ECOS program.  Responses total more than 18 (and 
percentages total more than 100) because some fellows reported more than 1 aspect 
of their professional growth.  The item in bold is not the sum of the subcategories listed beneath 
it; rather, it is a count of the number of fellows who cited at least one of the listed subcategories. 
a. In response to the question, “What was the nature of your professional  
growth as part of the ECOS program over the academic year?” 
 
Table 5.  Changes in UM GK-12 fellows‟ self-reported knowledge and skills with respect to 
research. 
 
Knowledge or skill
a
 
Presurvey 
mean 
Postsurvey 
mean 
Scientific method   
       Developing scientific hypotheses  3.6 3.7 
       Defending a research hypothesis or approach 3.3 3.7 
       Evaluating arguments based on scientific evidence 3.3 3.8* 
Communicating/Working with Scientific Peers   
       Presenting a seminar on your research topic 3.6 4.2* 
       Presenting a poster on your research topic 3.5 4.1* 
       Communicating about science to peers 3.4 3.7 
       Working in research team in your disciplinary area 3.8 3.8 
Communicating/Working with Other Groups   
       Working on interdisciplinary research teams 3.3 3.6 
       Communicating about science to non-scientists 3.5 4.1* 
 
*Statistically significant, paired t-test (p < .05)  
 
Note: As indicated in beginning-of-year and end-of-year written questionnaires completed by 18 
Ph.D. fellows in the first through third year of the ECOS program, for whom we had complete pre- 
and post- survey data.  
a. In response to the instruction “Please indicate the level of skill or experience you have 
with each of the following compared to your peers,” with 0 = none, 1 = minimal, 2 = 
slightly below average, 3 = slightly above average, 4 = well above average, and 5 = expert. 
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have a much greater capacity to communicate my research and other aspects of science to a 
nonprofessional audience than many [of my] research associates.”  Another reflected, “I 
improved in my ability to work as part of a team and communicate with others…  I think my 
patience with others really grew and I became a better listener.  And of course, I improved in my 
ability to talk about science in a way that makes it really exciting.” And another stated, “I am 
better able to discuss my research to broader audiences, and can better interact with professionals 
outside my field.”  It is apparent that, while the expected gains in teaching were indeed realized, 
the less anticipated gains in their abilities as scientists were the more profound and surprising 
outcome of their UM GK-12 experience.   
 These results corroborate evidence from GK-12 programs across the country, namely that 
fellows emerge from their experience as better scientists.  Rather than serving only as experts in 
the narrow subfield of their research, fellows have found that they could also serve effectively as 
science generalists, which they felt made them better scientists overall by requiring an 
understanding of the broader scientific context of their work, a conceptual understanding of other 
fields, and the ability to communicate about it (Thompson et al., 2002; Stamp & O‟Brien, 2005).  
Fellows also reported gaining broader perspectives on their fields of expertise by developing 
teaching strategies with graduate students from other disciplines (Trautmann & Krasny, 2006), 
and by having to communicate about science in a more widely understandable, interdisciplinary 
context (Mitchell et al., 2003; Stamp & O‟Brien, 2005; Trautmann & Krasny, 2006).  
Additionally, fellows identified increased publication and presentation experience, grant writing 
experience, increased visibility and recognition within their departments, and enhanced thesis 
opportunities as important outcomes of their GK-12 experience similar to those reported by 
Moskal et al. (2007). 
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 Similar results of fellows identifying themselves as more effective, conversant, and 
collaborative scientists have been reported by programs other than GK-12, including NSF‟s 
Integrative Graduate Education and Research Traineeship (IGERT) program (e.g., Heg et al.,  
2004; Carney et al., 2006; Graybill et al., 2006).  For example, the greatest benefits of the 
IGERT experience according to IGERT fellows included: learning how to understand different 
perspectives, work habits and techniques; how to compromise and use each other‟s particular 
skills; and how to communicate effectively amongst people with varying vocabularies and 
worldviews (Heg et al., 2004).  Most IGERT fellows felt strongly that the collaborative team 
projects provided them with skills needed in the outside world (e.g., Heg et al., 2004; Carney et 
al., 2006; Graybill  et al., 2006).   
 
A Difference in Perceptions between Fellows and Advisors 
 Comparisons of GK-12 fellows‟ and faculty advisors‟ responses across campuses in our 
surveys revealed areas of agreement as well as some surprising mismatches in perceptions 
regarding the breadth of their graduate programs.  GK-12 fellows and faculty advisors agreed in 
their perceptions that research was strongly emphasized in their graduate programs (Figures 3a 
and b).  Both groups also agreed in their perceptions that enhancing public communication skills 
was only somewhat emphasized or not emphasized at all (Figures 3c and d).  However, there was 
a surprising mismatch in fellows‟ and advisors‟ perceptions of the emphasis on teaching (Figures 
3e and f).  While 62% of advisors perceived that teaching was strongly emphasized, only 22% of 
fellows perceived such an emphasis (Figures 3e and f).  What did graduate students think should 
be emphasized in their programs?  Of course, research was very important, but students felt that 
more emphasis was needed on teaching and communicating with the public because these skills  
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Figures 3a-f.  GK-12 Ph.D. fellows‟ (n = 44) and advisors‟ (n = 34) perceptions of the emphasis 
on research, public communication, and teaching in their graduate programs.  The category of 
research was created by pooling responses to the following skills: presenting research at 
scientific conferences or meetings; publishing in peer-reviewed journals; developing novel 
research methods, models, and analyses; and securing grants.  Similarly, the category of public 
communication was created by pooling responses to the following skills: publishing in popular 
journals/magazines; presenting research to non-scientific audiences; and communicating research 
to policy-makers. 
a. Fellows 
c. Fellows 
e. Fellows 
b. Advisors 
d. Advisors 
f. Advisors 
Research 
Public 
Communication 
Teaching 
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were very important to their future career goals, as to the advancement of science itself (Figures 
2a, b, and c).   
 
Implications for Graduate Education 
 Doctoral education in the natural sciences follows a long tradition of producing 
independent research specialists who are able to carry out rigorous scientific studies, and make 
important contributions to academic research.  This goal typically has been achieved by coupling 
coursework with research under the supervision of an established scientist.  Despite its historical 
success, it has become increasingly evident that this model may not be sufficient to provide 
students with the range of relevant real world skills necessary to succeed in today‟s dynamic and 
highly competitive work environment, both within academia and beyond.  More importantly, the 
increasingly complex and urgent nature of our global environmental issues (e.g., NRC 2009) 
necessitates that graduates are able to make substantive contributions as highly engaged, team-
oriented participants in environmental research that cuts across traditional disciplinary 
boundaries (Lowman et al., 2009; NRC, 2009).  We argue that these needs call for the revival 
and re-envisioning of the Renaissance scientist ideal (Figure 1b).   
 Rather than drifting ever closer to a hyperspecialist model of graduate training (Figure 
1c), research challenges in the life sciences in general, and in the environmental sciences in 
particular, call for graduates who are trained to use multidisciplinary, collaborative approaches to 
create new knowledge and address complex problems.  Findings from the UM GK-12 program 
and other programs across the country indicate that Ph.D. students are highly aware of this need 
and are seeking to develop these skills.  Citing insufficient opportunities within their own 
departments and degree programs, graduate students have recognized that programs such as the 
GK-12 model provide an opportunity to receive real pedagogical training and engagement in the 
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scholarship of teaching.  Yet, the GK-12 program is only one of many possible ways to help 
graduate students learn how to teach (e.g., Trautmann, 2008).  Such intensive fellowships cannot 
feasibly be offered to more than a small fraction of prospective future faculty.  But, lessons 
learned from programs like GK-12 could be extended to other forms of graduate student training 
aimed at developing teaching skills.  Campus teaching assistantships and related professional 
development courses or seminars, for example, could offer students the opportunity to explore 
diverse teaching strategies through developing, implementing, and evaluating lesson ideas under 
the guidance of experienced mentors (e.g., Brewer et al., 2011).    
 As importantly, graduate programs like GK-12 and IGERT offer opportunities for 
students to develop more fully as scientists in ways that more traditional research programs often 
do not provide.  Across the USA, graduate students are emerging from their fellowship 
experiences with broader, more interdisciplinary perspectives on their fields of expertise, and 
improved communication, teamwork, and collaboration skills.  These skills are invaluable at a 
time when solutions to complex environmental problems are likely to occur at the ecotones 
rather than within the boundaries of traditional disciplines.  Indeed, these programs are providing 
students with larger, deeper toolkits of skills, in addition to research and disciplinary expertise, 
that will enable them to contribute more effectively as Renaissance scientists of the 21
st
 century.   
 However, these programs typically comprise only 1-2 years of a Ph.D. student‟s graduate 
training.  While programs like the GK-12 model have impacted many campuses, core programs 
are still lacking in these broader elements.  If the significant positive impacts reported in the UM 
program and others are to be realized and sustained beyond individual fellowship experiences, 
the Renaissance scientist ideal must become an integral part of graduate training and a 
fundamental goal of scientific training.  Lessons learned from GK-12 and other innovative 
210 
 
graduate programs offer insights on how we may begin to effect these changes.  Primary 
departments could strive to emulate the culture inherent in these programs: one that embraces 
trans-disciplinary thought, supports collaboration, and honors the diverse pathways graduates 
take to make professional contributions.  
 Re-envisioning and re-orienting our graduate programs toward the 21
st
 century 
Renaissance scientist ideal would benefit all students, regardless of their future career 
trajectories.  Graduates of such programs will have skills that ensure they can think critically and 
creatively, communicate with others, and be intellectually flexible in whatever career they do 
pursue.  More importantly, they will have developed the skills they need as citizens to look at 
questions of local, national, and global concern, and make informed decisions that can 
potentially affect us all.  The scientific enterprise itself could greatly benefit from graduate 
students trained as Renaissance scientists who can communicate to broad audiences the value of 
science and its appropriate applications to complex problems that face society today. 
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CHAPTER 6.  Nature‟s Palette: A colorful introduction to ecological inquiry
1
 
 
Abstract 
 My investigation, Nature‟s Palette, was designed to provide young students with an 
opportunity to develop and practice the fundamental skill of observation, while ensuring that “No 
Child is Left Indoors!”  Students used a set of colorful cards to help inspire and guide their 
exploration of the outdoors.  Flower petals, bits of a bird‟s egg, acorn hats, the exoskeleton of a 
beetle, and lichens are just a few of the beautiful objects students found in a surprising array of 
vivid colors.  Students then used their found treasures to create “research posters” to share with 
their classmates.  I found that this investigation quickly introduced students and teachers to the 
exciting potential of their schoolyard as an outdoor laboratory, and effectively set the stage for 
future outdoor inquiries throughout the school year.    
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Budding ecologists practice 
 their skills of observation 
 in this color-wise investigation 
 
 
 
 
The iridescent blue wing of a fly, a pebble with rusty orange speckles,  
the silvery tuft of a dandelion seed, a feather tinged in pink….  One can find an  
amazing diversity of fascinating and beautiful natural objects- often in surprising  
colors- almost anywhere outdoors.  These tiny examples from Nature‟s Palette  
can be discovered in a schoolyard, a park, or even along the edges of a paved lot or  
sidewalk… it simply takes careful observation!   
The ability to make careful observations may be considered the most 
important skill for budding ecologists to develop, as it lies at the foundation of the 
scientific process.  The National Science Education Standards (NRC, 1996) call for K-12 
students to develop the disposition and skills necessary to become independent inquirers of the 
natural world.  Engaging in keen observation is a fundamental means of gathering the evidence 
that supports scientific understanding.  Additionally, close observation sparks imagination and 
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curiosity that leads to further investigation.  By looking very closely at the natural world and 
studying even the smallest details, students are inspired to begin asking ecological questions.   
However, “just looking” is not enough; most students require instruction and guidance in 
how to focus their observations and observe with a purpose.  The meaning and fundamental 
importance of observation was explored in-depth, and numerous activities for teaching 
thoughtful observation skills were presented throughout a recent issue of this publication (see 
Science and Children, February 2008).  Continuing in this spirit, I created an investigation based 
on detecting and distinguishing natural variations in color.   
Not only did I wish to provide students with a means of focusing their observations, I 
sought an easy and effective means of engaging students in outdoor exploration.  In his 2005 
book Last Child in the Woods, Richard Louv discusses the increasing disconnect between 
children and nature, which he terms “nature-deficit.”  He argues that children should be reunited 
with nature and the outdoors whenever possible, through their families, communities, and 
schools.  I wished to provide teachers with a simple and fun outdoor investigation that could be 
conducted with students in their own schoolyards, and would effectively “set the stage” for 
future outdoor inquiries throughout the school year.   
My investigation, Nature‟s Palette, is designed to provide young students with an 
opportunity to develop and practice the fundamental skill of observation, while ensuring that “No 
Child is Left Indoors!”  In this investigation, students use a set of colorful cards to help inspire 
and guide their exploration of the outdoors.  Flower petals, bits of a bird‟s egg, acorn hats, the 
exoskeleton of a beetle, and lichens are just a few of the beautiful objects students may find in a 
surprising array of vivid colors.  Students then use their found treasures to create “research 
posters” to share with their classmates.  Nature‟s Palette is a means of introducing a schoolyard 
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or similar area as an outdoor laboratory teeming with life and mystery… an invitation for 
students‟ further investigation! 
Materials for this investigation are relatively inexpensive or free, and are readily 
available (Table 1).  This experience was originally designed and implemented with kindergarten 
through fourth-grade students, but I found that it was also a favorite introduction to ecological 
inquiry at teacher workshops.  It was originally meant to fit within a one-hour class period, but 
can easily be extended to fill a longer available time.  Alternately, it can be condensed into a 
shorter investigation for an outdoor teacher workshop or retreat. 
 
Table 1. Nature‟s Palette supply list. 
 
 Paint color samples (i.e. paint chips) in a wide array of colors and shades (5-10 colors per group) 
  
  
 
 Half-sheets of poster board (one half-sheet per group) 
 
 Scissors (1 pair for the teacher to prepare the poster boards) 
 
 Ziploc bags (1 per student) 
 
 Glue sticks (1-2 per group) 
 
 Additional adhesives (if necessary): rubber cement, white glue, Scotch tape 
 
 
 
Teacher Preparation 
Preparing for this investigation is easy and fun!  To begin, pay a visit to the paint color 
display at your local hardware store or shopping center.  These displays have a vast selection of 
free paint color samples, available as small cards or “paint chips.”  Paint chips come in a mind-
boggling array of colors and shades, so it can be difficult to decide which ones to select.  I 
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recommend selecting every fifth or tenth paint chip in the display; this will make the selection 
process quick and easy, and will ensure that you get a wide variety of colors.  Be sure to get a 
mixture of bright and muted shades, in everything from charcoal to chartreuse.  The vivid, more 
unlikely shades are what make this inquiry especially fun and challenging for the students!  (Of 
course, don‟t forget a lot of the “common” shades of green and brown, too.)    
Paint chips often come in a series of 3-4 shades per card, so cut them up into individual 
colors, if necessary.  Next, cut sheets of poster board in half, width-wise.  I found that half-sheets 
of poster board provided plenty of space for students to complete this investigation, and were 
less unwieldy to take outside than full sheets.  Paste 5-10 colors on each half-sheet of poster 
board.  Each poster board should have a different array of colors, to allow for a greater diversity 
of results.  Prepare as many poster boards as there will be research groups in your class (I found 
that groups of 2-4 students worked well for this investigation).  Pasting the colors onto a poster 
board, rather than distributing loose paint chips, will make it easier for each group member to 
refer back to the colors as they are collecting objects.  Additionally, these will serve as the final 
“research posters” for groups to share at the conclusion of the investigation.   
 
Preparing for the Hunt 
 To get students excited about this investigation, discuss students‟ predictions about what 
they will find outdoors.  Hold up a poster board prepared with a variety of paint chip colors and 
tell students that they will be going on a hunt for natural objects in those colors.  Explain to 
students that they will be collecting objects that are found outside in nature, but that are not made 
by people; e.g., bits of wrappers, plastic, string, buttons, etc. are not what they will be searching 
for.  Ask students a few questions to help generate some predictions: 
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 Which of these colors do you think will be easiest to find outside?  (Students tended to 
shout out the more common shades of “Green!” or “Brown!”) 
 Which of these colors do you think will be hardest to find outside?  (Students tended to 
identify the more unusual shades, e.g. “We‟ll never find that color [turquoise]!” 
Tell students to get ready to be surprised about what they might find, but that they will have to 
look very, very closely!   
 Discuss with students that they will be practicing their skills of observation.  Making an 
observation means to study or look at something very closely.  The ability to make careful 
observations is the most important skill for scientists, especially ecologists, to have.  An 
ecologist is a type of scientist who studies Nature.  By looking very closely at the natural world, 
and studying even the smallest details, an ecologist can begin to ask interesting questions and 
make good predictions.  When students are using their best skills of observation, like ecologists, 
they will begin to find hundreds of fascinating and beautiful objects in a rainbow of colors.  No 
matter how rare the color, students will probably find it if they look closely enough!   
  Divide the class into research groups of 2-4 students and give each group a pre-prepared 
poster board.  Distribute a Zip-loc bag to each student and explain that they will be searching for 
and collecting natural objects that match, as closely as possible, the colors on their group‟s 
poster board.  Give these additional instructions: 
 The objects that you collect must be small enough that they can be glued or taped to your 
poster boards without falling off.  After our hunt, we will be coming back inside to glue 
our objects onto our research posters. 
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 If you find a larger object, try to collect a small piece of it rather than the whole thing; for 
example, collect a few petals instead of an entire flower.  This way, we will have less 
impact on Nature. 
 Remember, you are trying to match your colors as closely as possible.  However, the 
whole object does not have to be the same color.  If you are looking for orange and you 
find a feather with an orange stripe, that counts too. 
 Finally, explain to students the boundaries of where they are to conduct their search.  
Remind students of any parts of the schoolyard or outdoor area which they are to avoid for safety 
or other reasons.  Now you are ready to head outside and begin the investigation! 
 
Conducting the Search 
 I found that 25 minutes allowed plenty of time for students to explore and find a 
surprisingly diverse collection of natural objects.  However, students were so engaged in this 
investigation that I imagine the outdoor hunt could be extended up to 40 minutes without any 
loss of interest.  Once you arrive outside, encourage research groups to set their poster boards on 
the ground so that all group members can refer back to the colors as they are searching for 
objects.  Have the students add as many color-matching objects as they can to their Zip-loc bags.  
Encourage students to search high and low within the designated boundaries: under, around, and 
in shrubs, on the trunks of trees and in low-hanging branches.  A wooded, shrubby, or tall grassy 
area, though ideal, is not necessary for this investigation!  Weedy patches along a fence or along 
the edge of a parking lot also hold many surprises.  Fascinating natural objects can even be found 
in cracks of sidewalks, in puddles, or along the bottom edge of a building-- encourage students to 
get down on their hands and knees and really observe!   
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 Kindergarten and first-grade students will likely require the closer guidance of an adult or 
older student partner to help keep them on-track.  I found that fourth-grade students were 
wonderful mentors to kindergarten students for this investigation.  Fourth-graders led 
kindergarteners to the designated areas and pointed to appropriate natural objects, which the 
younger students then collected and placed in their bags.  The older students seemed to take great 
care and pride in sharing their “nature expertise” with the younger students.   
 
Assembling and Sharing the Research Posters 
 Back inside (or outside, weather- and space-permitting), have the research groups gather 
around their poster boards and dump out their natural objects.  Research groups must work 
quickly as teams to sort through the objects and affix them to their posters.  Objects should be 
adhered to the poster board next to their corresponding paint chip colors.  I found that glue sticks 
were adequate for adhering most of the students‟ objects, but in some cases, a piece of Scotch 
tape or a blob of white glue was also necessary!  While older students (second- through fourth-
grade) were able to complete this task largely on their own, younger students required additional 
guidance and assistance.  Again, I found that fourth-graders proved wonderful mentors to 
kindergarteners; the older students helped the younger students to spread out and sort the natural 
objects, which the older students then glued to the posters.  Give students 10-15 minutes to 
assemble their posters. 
 For the last 10 minutes of the class period, have each group come to the front of the 
classroom to share their poster with the class (alternately, gather students in a circle).  The 
following questions can be used to help guide the discussion and can also form the basis of an 
assessment of student learning:   
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 What is the most surprising color that you found outside?  What color did you find the 
most of?  What color did you find the least of?   
 How did you find all of these beautiful objects?  Which of your senses did you have to 
use to find them?  What other senses could you use to learn more about these objects 
(e.g., touch, smell)?   
 What is the most interesting object that your group found?  What is interesting or unusual 
about it?  What do you think it is?  What else would you like to know about it?   
 These questions helped to draw out students‟ descriptions of the unique and surprising 
objects that they found, and the ways that they were able to find them, e.g. “I had to crawl on the 
ground and spread apart the grass to find it!”  Students made numerous thoughtful observations 
and posed interesting questions about their objects (Table 2).   
 Reiterate to students that they have been excellent ecologists and practiced their skills of 
observation.  The ability to make careful observation is the most important skill for an ecologist 
to have.  They have proven that by using their best skills of observation, they were able to find 
hundreds of fascinating and beautiful natural objects in a rainbow of colors, even in colors they 
did not expect to find.  Now that they have looked very closely at Nature, and studied even the 
smallest details, they can begin to ask interesting questions and make good predictions!   
 
Nature’s Palette Success 
 This investigation proved to be a delightfully surprising success with students.  The sheer 
number and diversity of natural objects that students were able to find in only 25 minutes of 
outdoor exploration was mind-boggling, and far surpassed my expectations (Figures 1a and b).  
Students were excited by the challenge posed by the array of colorful paint chips, and were eager  
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Table 2.  Students‟ observations and inquiries about their found objects. 
 
 
 “I found a gray mud ball with holes in the side.  I thought it was just a mud ball but the holes were really 
insect holes, like tunnels.  Some of the holes still had mud caps on the end.  I wonder what is in those 
holes?  I can scrape the caps off.” 
 “I think this is cool [referring to a piece of lichen].  What is it?  I think it‟s moss.” 
 “I didn‟t think we could find something blue.  We found a fly wing that looked black and clear but if you 
turned it one way it was blue-ish.  It looks fake.  Why is it blue like that?” 
 “We have these same things in our driveway at home [referring to flowers from ponderosa pine trees].  
What are these things?  They look like brown noodles.” 
 “This feather is mostly brown and gray but it has an orange-ish stripe on it.  Is this from a robin?  This 
other feather is different- it‟s super fuzzy.  I haven‟t found one like this before.” 
 “I was looking for the red roses [recalling the spring tulips].  Where are all of the roses?” 
 
to search high and low for objects in every color.  I found that using the paint chips was an 
effective means of encouraging students‟ observation of the natural world, by providing a sense 
of direction and purpose for the investigation while still allowing for authentic exploration.  
Students themselves were amazed by the enormous diversity of natural items they found in their 
own schoolyard and were pleased to share their impressive posters with the rest of the class.  
This investigation quickly introduced students to the exciting potential of their schoolyard as an 
outdoor laboratory, and effectively set the stage for future outdoor inquiries throughout the 
school year.    
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a.   
b.   
Figures 1a and b.  Students assembling research posters.  
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 Not only was this investigation well-received by students, it was a teachers‟ favorite, as 
well!  I used a condensed version of Nature‟s Palette to introduce ecological inquiry at 
educators‟ workshops.  After the exploration, I went from poster to poster and brainstormed 
ideas for extending the investigation (Table 3).  The surprisingly beautiful posters proved an 
effective means of facilitating discussion and inspiring new ideas for getting students outdoors.  
Many participants have reported that they continue to use the Nature‟s Palette investigation as 
their introductory science lesson at the beginning of each school year. 
 
Table 3. Teachers‟ suggestions for extending/modifying the investigation. 
 
 
 Rather than limiting students‟ collection to natural objects, allow them to collect both natural and human-made 
objects.  This will help spark discussion about humans‟ place in Nature, whether or not humans are a part of 
Nature, and how humans can live most harmoniously with Nature.  Additionally, the resulting posters are even 
more colorful and impressive!  
 
 For older students, pre-prepare posters with paint chips in shades of green only.  This increases the level of 
challenge by encouraging them to look even more closely for slight variations in color.  Wrap up with a 
discussion about chlorophyll concentration (students will typically find darker shades of green in shady areas 
and lighter shades of green in open sunny areas). 
 
 Paint chips typically come with creative or descriptive color names, e.g., “Cooling Mist,” “Dazzling,” “Joyful 
Jubilee,” etc.  Have students choose a few of these nouns and adjectives to use in their nature journaling.  This 
will help to add color and texture to their writing! 
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Connecting to the Standards 
This article relates to the following National Science Education Standards (NRC, 1996):  
Content Standards Grades K--4  
 Standard A: Science as Inquiry  
o Abilities necessary to do scientific inquiry 
o Understanding about scientific inquiry 
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Chapter 7. A “top ten” list of recommendations for continued efforts  
in defining and promoting ecological literacy 
 
Abstract 
 What is ecological literacy and how can it be achieved?  Addressing this question 
represented the overarching objective of my research.  More specifically, my objectives were:  
1) to investigate what is meant by ecological literacy and how we have arrived at our most recent 
understandings; 2) to explore current ecologists‟ perspectives on the nature of ecological literacy 
and how it can be achieved, 3) to determine whether and how ecologists‟ perspectives may relate 
to their academic and professional training and experience; 4) to identify a framework and vision 
for ecological literacy based on these ecologists‟ perspectives; 5) to assess the impacts of 
innovative programs designed to train ecologists in promoting ecological literacy; and 6) to offer 
an example of how ecologists can be engaged in promoting ecological literacy in young people.  
In preceding chapters, I presented and discussed my findings in light of past and current efforts.  
In this final chapter, I offer a list of my top ten recommendations, based on my findings, for 
continued efforts in defining and promoting ecological literacy. 
 
1. Continue to clarify the nature and scope of the discussion.   
 Many scholars have pointed out that the terms environmental literacy, ecological literacy, 
and ecoliteracy have been used, often interchangeably, in so many different ways, and/or are so 
all-encompassing that they have very little useful meaning.  In my research, I found that 
explicitly defining and delineating the essential components of these types of literacies has 
remained a topic of intensive deliberation for several decades, with blurred lines of distinction 
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between notions of environmental literacy, ecological literacy and ecoliteracy.  Situated 
primarily within the fields of environmental education, ecology, and the broader humanities, 
respectively, discussions of environmental literacy (emphasizing affective traits and 
environmental issues resolution), ecological literacy (accentuating conceptual knowledge and 
scientific inquiry skills), and ecoliteracy (highlighting metaphysical knowledge regarding self 
and spirituality, and the creation of sustainable human societies) have been advanced with 
limited and/or vague reference to each other, though obvious and significant commonalities exist 
(Chapter 2).   
Are these conversations essentially different, or are we ultimately talking about the same 
thing?  Are these types of literacies complementary, overlapping, or perhaps even nested?  In 
order to effectively advance the discussion of ecological literacy, in particular, it is imperative to 
clarify what we are (or alternately, are not) talking about, and to ensure that we are talking about 
the same thing (Figure 1).  Literacy theorists Stables (1996, 1997, 1998) and Stables & Bishop 
(2001) suggested that it would bring greater focus to these discussions to ground them firmly 
within the fundamental debates about the nature of literacy itself.  Drawing on the tripartite 
distinction of literacy (functional-cultural-critical), as accepted within the field of language and 
literary studies (e.g., Williams & Snipper, 1990), these authors considered what it might mean to 
be functionally, culturally, and critically literate with respect to the environment, an 
interdependent process of  reading (reacting to) and writing (acting on) our world.  Indeed, 
continued efforts to keep the conversation grounded and explicit, and to avoid using ecological 
literacy as merely a brand or slogan, are essential.  
The necessity to be clear and explicit, without glossing over or avoiding the 
uncomfortable gray areas in our discussion, holds true for the term literacy in general. Literacy is 
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now attached, often loosely, to innumerable different discourses ranging from A to Z.  It seems 
that everyone is jumping on the literacy bandwagon.  To prevent ecological literacy from 
becoming yet another in the slew of often poorly defined „literacies‟ now being promoted, it is 
imperative that the conversation, and its constituent terms, are clearly articulated and 
unambiguous. 
 
 
Figure 1. To effectively advance the discussion of ecological literacy, it is imperative to clarify 
what we are (or alternately, are not) talking about, and to ensure that we are talking about the 
same thing. 
 
2. Don’t re-invent the wheel. 
 Despite reflecting a shared concern for the environment and recognition of the central 
role of education in enhancing human-environment relationships, each contributor to the literacy 
conversation has tended to advocate his or her own vision, each a distinct proponent of the 
appropriate stance, the right approach, and/or the best program.  My research demonstrated that 
efforts to provide frameworks for these ideals have produced dozens of different iterations with 
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respect to core or fundamental themes, concepts, attributes, competencies, levels, etc., with no 
apparent progression or cohesion in terminology, and often with little or no reference to prior 
contributions.  Even within their respective fields, the majority of contributors neither overtly 
recognized each others‟ work nor explicitly attempted to build upon, refine, or incorporate it into 
their own frameworks.  Every few years, it was as if these conversations were mysteriously 
started from scratch (Chapter 2).   
 With respect to ecological literacy, in particular, it is of course essential that a framework 
continues to be revised and adapted as the field of ecology continues to grow and evolve.  
However, we must ask ourselves the utility of continually generating forever „new‟ 
conceptualizations.  First, what were the strengths and limitations of the „old‟ ones and why 
should they be changed?  How can the existing scholarship be revised or extended in a manner 
that advances the conversation rather than starting de novo?  Future efforts to refine and promote 
a vision of ecological literacy should strive to recognize and build upon the foundation of 
prodigious expertise both within and related to the field (Figure 2).  For contributions to 
continuously enrich this and related conversations, it is important not to „reinvent the wheel,‟ to 
naively announce „new paradigms,‟ „new‟ frameworks, each one presented as the „philosopher‟s 
stone of human development‟ –„some humility please…,‟” (Jickling, 1991, p. 155).  A quarter 
century after Risser (1986) first proposed that ecologists collectively address the topic of 
ecological literacy, adopt a vigorous stance, and embrace their responsibilities as promoters of 
ecological literacy in their students and the general public, it is perhaps time to agree that we 
have reached an acceptable degree of consensus and can move forward in promoting a cohesive 
vision. 
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Figure 2.  For contributions to continuously enrich and promote the ecological literacy 
conversation and related efforts, it is important to not reinvent the wheel. 
 
3. Ensure that ecological literacy is reflective of the ‘new ecology.’ 
  The traditional paradigm of studying ecological systems in (artificial) isolation from 
human activity has long been challenged, by those in other disciplines and by ecologists 
themselves.  Over the past several decades, numerous ecologists have argued for a fundamental 
shift from a focus primarily on historical, undisturbed ecosystems to a perspective that 
acknowledges humans as components of ecosystems, i.e., a „new ecology.‟  My research 
demonstrated that, in defining the nature of ecological literacy, ecologists collectively placed 
tremendous emphasis on the interconnection of humans with ecological systems, including 
managed systems, settlements, and engineered systems.  In contrast with many traditional views 
of ecology, and of ecological literacy, that excluded humans or treated them as external 
influences on the systems of interest, the framework resulting from this research placed social-
ecological interactions as a central consideration (Chapter 4). 
 In addition to the trend toward an increased focus on social-ecological systems, there is 
an ongoing and perhaps more urgent request from politicians, policy makers, and environmental 
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managers and organizations that ecology focuses more closely on the search for solutions to 
major environmental problems (e.g., McNie, 2007; NRC, 2009; Samarasekera, 2009; Penders et 
al., 2010).  In defining ecological literacy, ecologists not only emphasized the interconnections 
between humans and the environment, but also the application of ecological thinking and skills 
toward the solution of environmental problems (Chapter 4).  However, an emphasis on 
environmental problem-solving in ecological literacy may be construed as advocacy or 
environmentalism, which have unfortunately become pejoratives for some who are concerned 
that such stances might diminish the objectivity of the science (see Meyer et al., 2010).   
 Given this argument, should ecological literacy be human-centered and fundamentally 
oriented toward problem solving, or is this environmentalism?  Alternately, considering the state 
of our world, is ecological literacy essentially useless if it does not inculcate values and action 
necessary for sustaining our planet?  As follows, what is the range of values appropriate for 
ecological literacy, and who should determine them?  These questions will likely remain the 
subject of debate for some time to come.  Yet, the results of my study, reflecting the views of 
over 1,000 ecologists and other environmental professionals, urge that future efforts to refine and 
promote a vision of ecological literacy continue to reflect an integrated view of humans and the 
environment, and of their active role in sustaining it (Figure 3).  Numerous scholars have pointed 
out that scientific expertise diminishes neither scientists‟ passion for sustaining the biosphere nor 
their obligations as citizens, and argue that scientists can be both objective and effective 
advocates (see Meyer et al., 2010).  It follows, therefore, that a vision of ecological literacy 
should not limited to the dispassionate assessment and application of relevant science in 
decision-making, but should be balanced with attributes that inspire active participation and 
advocacy by the general public. 
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Figure 3.  Efforts to further refine and promote a vision of ecological literacy should continue to 
reflect an integrated view of humans and the environment, and of their active role in sustaining 
it. 
 
4. Recognize and adapt to different mental models of ecology among ecologists.   
 Ecology is an ever-expanding and increasingly interdisciplinary field, comprised of 
professionals with diverse theoretical and practical expertise, and with ever more varied 
academic and professional training and experience.  As such, ecologists in different sub-
disciplines may emphasize and apply different foundational ideas and ways of thinking in their 
research and communication.  In my research, I found that different groups of ecologists 
emphasized different principles of ecology as key components of ecological literacy.  For 
example, some respondents placed emphasis on understanding cycles and flows in ecological 
systems, while others emphasized understanding distribution across space and time (Chapter 4).    
 What are the core principles that underpin our understanding of ecological patterns and 
processes?  Are there five, seven, or is it twenty?  Is an understanding of one principle more 
important than another for basic ecological literacy?  This may boil down to the debate on the 
nature of ecology itself.  The literature abounds with discussion on whether fundamental laws, 
principles or unifying theories of ecology exist, with multiple, varied attempts to identify such 
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fundamental or unifying structure (recently reviewed by Dodds, 2009; see also Knapp and 
D‟Avanzo, 2010).  Indeed, ecologists themselves likely have widely differing mental models of 
the fundamental principles underpinning the most essential and consistent features of the 
behavior of ecological systems, processes, and interactions (Knapp and D‟Avanzo, 2010).  Thus, 
future efforts to refine and promote a vision of ecological literacy should be prepared to 
recognize and adapt to different mental models of ecology among ecologists (Figure 4). 
 As the primary communicators of their discipline, ecologists should each identify and 
articulate for themselves the essential, overarching concepts and assumptions in the mental 
models they use, perhaps unconsciously, when presented with an ecological problem or question.  
The process of articulating these ideas would help them to explain their own thinking more 
clearly, which in turn would help them to discuss these ideas more effectively with others 
(Knapp & D‟Avanzo, 2010).  Clarifying their own mental models, particularly in relation to a 
general vision for ecological literacy, will enhance ecologists‟ effectiveness as promoters of this 
vision with their students, collaborators, and the general public.  
 
Figure 4. Efforts to further refine and promote a vision of ecological literacy should recognize 
and adapt to different mental models of ecology among ecologists. 
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5. Ensure that methods of teaching and assessment align with expectations for ecological 
literacy.   
 Surely, ecological literacy comprises much more than a collection of isolated facts about 
the environment.  My research demonstrated that, in addition to a number of key ecological 
concepts and principles, ecologists collectively identified numerous higher order thinking and 
application skills as fundamental components of ecological literacy.  Beyond understanding of 
these concepts, an ecologically literate individual is able to „connect the dots‟ among them, 
recognize the linkages between these concepts and environmental problems and solutions, and 
communicate and apply this knowledge in their daily lives (Chapter 4). 
 These and other competencies cannot be achieved solely through a fact-based approach to 
teaching and assessment, whereby learners passively receive information from experts, and give 
back the „correct‟ answers in the form of multiple-choice tests (see Gardiner, 1998).  If this 
vision for ecological literacy is to be effectively promoted and realized, we must apply insights 
from education and social science research on how people learn ecology, and the conditions 
under which learning can be enhanced.  In addition to the core concepts, how can the 
competencies required for ecological literacy be taught?  How can these abilities be assessed?  
The National Research Council (2000, 2001) emphasizes the vital importance of aligning what 
we teach and what we expect others to learn with measures of learners‟ performance.  Based on 
these reports and other most advanced research to date, numerous recommendations for aligning 
teaching, learning, and assessment in science, and in ecology in particular, have recently been 
proposed (for an extensive review, see Brewer et al., 2011).  To be effective, efforts to promote 
and assess ecological literacy must be commensurate with expectations of what the literate 
individual should know, feel, and be able to do (Figure 5). 
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 With these considerations in mind, the framework for ecological literacy advanced by 
this research can serve as a catalyst for renewed conversations about curricular evaluation and 
revision in ecology at all levels and in diverse settings.  In particular, it can serve as an important 
resource for the development of educational standards articulating the core ideas and skills to be 
developed at each grade level, and the elaboration of performance expectations and assessments 
appropriate to varied types of programs.  Certainly, the usefulness of any proposed framework 
depends on its potential to be adapted to meet the local needs and resources of diverse formal 
and informal education settings.  Perhaps most importantly, curriculum development efforts 
based on this framework should adapt to focus on local environments, emphasizing the actual 
connections and service-providing ecosystems that directly tie learners their surroundings. 
 
  
Figure 5. Ensure that methods of teaching, assessment, and engagement are commensurate with 
expectations for ecological literacy. 
 
6. Draw upon diverse expertise in an interdisciplinary effort to promote ecological literacy. 
 Without a doubt, the promotion of ecological literacy must extend well beyond the 
classroom and involve significant interdisciplinary collaboration.  In my research, I found that 
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ecologists collectively identified a number of potential pathways toward ecological literacy that 
spanned many sectors of society, including both formal and informal learning environments, 
public media, and professional science organizations.  In addition to schoolteachers, professors, 
and informal educators, ecologists identified diverse communication experts and engaged 
scientists as the primary promoters of ecological literacy (Chapter 4). 
 As such, efforts to promote ecological literacy must be truly interdisciplinary, bringing 
together ecologists and other environmental scientists in collaboration with formal and informal 
educators, social scientists, communication experts, and media professionals (Figure 6).  Not 
only can such multifaceted expertise offer invaluable insights and contributions with respect to 
the enrichment of educational standards, curricula, and assessments, it can aid in the 
development, implementation, and dissemination of formative and evaluative research, the 
production of state-of-the-art media presentations, and the design of new public engagement 
initiatives aimed at promoting ecological literacy.  Together, we can more effectively explore 
important questions such as:  What is the current level of ecological literacy in diverse 
audiences?  What is the influence of the media?  What is the effectiveness of different types of 
public engagement activities?  Drawing on this diverse expertise, ecologists can adopt new 
models of engagement, use new communication tools, and frame their results in ways that are 
more meaningful for policymakers, land managers, and various other groups in the general 
public (see Groffman et al., 2010; Pace et al., 2010).   
 Inevitably, the involvement of professionals with such varied theoretical and practical 
expertise, and with such different academic, personal, and professional experience, will bring 
new perspectives on the nature of ecological literacy itself.  As long as we continue to be clear 
and explicit in our discussions of ecological literacy, and to build upon our current 
239 
 
understandings, diverse contributions will surely enrich, refine, and advance this and related 
conversations. 
 
 
Figure 6. Efforts to promote ecological literacy must be truly interdisciplinary, drawing on the 
diverse perspectives and expertise of educators, social scientists, communication experts, and 
media professionals. 
 
7. Establish a consistent, scalable, yet flexible strategy for monitoring ecological literacy. 
 As discussed, dozens of frameworks for environmental literacy, ecological literacy, and 
ecoliteracy have been proposed, each with different iterations of the core concepts, attributes, 
competencies, levels, etc., comprising the literate individual, with little or no consistency in 
terminology.  Similarly, assessments based on these frameworks have exhibited little or no 
consistency with respect to what they measured or how they measured it, making meaningful 
comparisons of these results across space and time difficult or impossible.  My research revealed 
the presence of six common dimensions underlying ecologists‟ definitions of ecological literacy, 
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which could provide the basis for the development of consistent and reliable summated scales 
designed to measure certain aspects of ecological literacy (Chapter 4). 
 Given likely resource constraints and the sheer number of assessment and monitoring 
needs across diverse environments and efforts aimed at promoting ecological literacy, 
individually designed and implemented research- while vitally important- must be supplemented 
by a broad plan for monitoring and assessment that can address multiple questions across 
different scales.  This requires the identification of consistent indicators of ecological literacy, 
consistent methods of measurement, and a scalable approach to sample design, allowing datasets 
to be aggregated to address questions at local, regional, and national levels (Figure 7).  That is, 
data collected at one scale (e.g., within a single classroom) can be combined with data collected 
in a similar manner from one or more other locations to say something about a larger area, 
provided that it is probability-based and stratified, i.e. divided up into relatively consistent units 
(see Rubin & Babbie, 2005). 
 Such an approach for assessing ecological literacy must be general enough to be 
implemented by a wide range of users and provide a variety of measures applicable to different 
educational objectives; yet, it must be flexible enough to be adapted and supplemented according 
to local needs.  As discussed, the wide range of skills and competencies comprising ecological 
literacy cannot be assessed by multiple-choice tests alone.  In addition to new research, a 
consistent, scalable, and flexible approach to assessing ecological literacy is necessary for 
comparing and monitoring progress across space and over time. 
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Figure 7. A consistent, scalable approach to assessing and monitoring ecological literacy is 
necessary for meaningful comparison and/or aggregation of results across space and time. 
 
8.  Continue to communicate the rewards and challenges of innovative training programs.   
 Despite the large and growing number of innovative graduate programs designed to train 
ecologists and other environmental scientists as promoters of ecological literacy, with the aim of 
enhancing their teaching and collaborative skills, relatively few published studies documenting 
these programs‟ impacts are currently available.  In my research, I found a surprising lack of 
systematically collected and analyzed evidence in support of these efforts.  For example, while 
NSF has funded over 200 GK-12 programs since its inception in 1999, including close to 50 
ecology-related programs (NSF, 2011), I found only a few published studies that assessed the 
impacts on graduate student participants.  However, there is a growing body of evidence, 
including the results of my study, demonstrating the numerous important benefits for graduate 
fellows, including significantly enhanced teaching, research, and collaborative skills (Chapter 5).  
 Given the vital importance of such initiatives (encompassing GK-12 and numerous 
others) aimed at training ecologists as more effective communicators and collaborators, the 
dearth of evidence in support of these programs is perplexing. Why is there relatively scant 
documentation of such exciting and creative efforts?  Might it be due to a lack of appropriate 
venues, and/or a lack of reward or incentives for contributors within their academic departments?  
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In order to lend continued support for these innovative programs and to facilitate the 
development of new ones, it is essential to systematically assess and broadly communicate their 
rewards and challenges (Figure 8).  This will enable leaders of current and future initiatives to 
learn from the setbacks and barriers that other programs may have faced, while continuing to 
build upon their successes. 
 Exciting new programs focusing explicitly on the relationships between science, the 
media, and society, aimed at improving nascent ecologists‟ ability to communicate effectively 
with public groups and the media, are emerging (Whitmer et al., 2010), and new interdisciplinary 
degree programs including coursework in communication, the sciences, policy, law, and 
sociology have been proposed (Nisbet & Scheufele, 2009).  Hopefully, lessons learned from past 
initiatives will help contribute to their success, and the impacts of these new programs will be 
carefully examined, widely shared, and celebrated. 
 
 
Figure 8.  To lend continued support for innovative programs designed to train ecologists as 
promoters of ecological literacy, and to facilitate the development of new ones, it is essential to 
broadly communicate the rewards and challenges of these initiatives. 
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9. Extend graduate training programs beyond individual fellowship or seminar experiences.   
 Current evidence, though somewhat limited as discussed, clearly shows that graduate 
training programs are effectively providing ecologists with larger, deeper toolkits of skills, in 
addition to research and disciplinary expertise, that will enable them to contribute more 
effectively as promoters of ecological literacy.  My research demonstrated that, across the 
country, ecology graduate students are emerging from their training experiences with broader, 
more interdisciplinary perspectives on their fields of expertise, and improved communication, 
teamwork, and collaboration skills.  Yet, these programs typically comprise only 1-2 years of a 
Ph.D. student‟s training.  Citing insufficient opportunities within their own departments, 
graduate students perceived that their core degree programs were still lacking in these broader 
elements (Chapter 5). 
 Given that such intensive fellowships cannot feasibly be offered to more than a small 
fraction of prospective ecologists, how can we go about training the necessary majority to 
communicate to broad audiences the value of their science and its appropriate applications to 
complex problems facing society today?  How can we maximize the number of ecologists who 
are effective promoters of ecological literacy?  Granted, intensive fellowship programs are only 
one of many possible ways to help graduate students learn how to teach (Trautmann, 2008). 
Campus teaching assistantships and related professional development courses or seminars, for 
example, could offer students the opportunity to explore diverse teaching strategies through 
developing, implementing, and evaluating lesson ideas under the guidance of experienced 
mentors (e.g., Brewer et al., 2011).  Other courses and training in communication skills, focusing 
on the relationships between science, the media, and society could also be made available to 
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students majoring in the environmental sciences, enabling them to improve their abilities to 
communicate with public groups and the media (Whitmer et al., 2010). 
 Ultimately, however, if the significant positive impacts reported by training programs are 
to be realized and sustained beyond individual fellowship or seminar experiences, the emphasis 
on communication and collaboration must become an integral part of graduate training and a 
fundamental goal of scientific training.  Rather than drifting ever closer to a hyperspecialist 
model of graduate education, future ecologists must be trained, comprehensively, to use 
multidisciplinary, collaborative approaches to create new knowledge, address complex problems, 
and promote ecological literacy (Figure 9).  The increasingly complex and urgent nature of our 
global environmental issues necessitates that future ecologists are well-equipped with the tools to 
conduct science as skilled collaborators, helping them to address the key interdisciplinary 
questions that arise from complex environmental challenges, and to better communicate with and 
promote ecological literacy in diverse audiences well beyond their scientific peers. 
 
Figure 9.  Rather than drifting ever closer to a hyperspecialist model of graduate education, 
nascent ecologists must be trained to use multidisciplinary, collaborative approaches to create 
new knowledge, address complex problems, and promote ecological literacy.   
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 10. Recognize and reward ecologists for participating.   
 Despite a growing recognition of the importance for ecologists to engage in public 
communication, teaching, and interdisciplinary collaboration, considerable challenges stifle these 
efforts.  My research revealed areas of agreement as well as some surprising mismatches in 
perceptions between ecology graduate students and faculty regarding the breadth of their core 
graduate programs.  Both groups perceived that research was strongly emphasized in their 
graduate programs, whereas public communication skills were only somewhat emphasized or not 
emphasized at all.  However, while the majority of advisors perceived that teaching was strongly 
emphasized, less than one quarter of students perceived such an emphasis (Chapter 5). 
 The lack of emphasis on public communication, and the mismatch with respect to the 
emphasis on teaching, may suggest a lag and/or disconnect between what institutions say they 
want (i.e., engaged scientists) and what they are actually encouraging (i.e., institutional practices 
of reward) (Driscoll, 2009).  Academic institutions often, and perhaps unintentionally, constrain 
scientists from fully participating in these efforts.  Challenges include disciplinary issues related 
to peer review, including the process of publication as well as professional assessment of faculty 
for promotion within academia, and institutional culture and structure (reviewed by Whitmer et 
al., 2010).  The current faculty reward system discourages enthusiastic scientists from investing 
their time in efforts that would promote ecological literacy, an issue that requires attention at 
individual institutions and at the national level.  Ultimately, efforts to promote ecological literacy 
must be recognized and rewarded on par with ecological science contributions (Figure 10). 
 Fortunately, new models that encourage and celebrate such balance are gaining 
momentum, through the recognition of scientists who practice excellent teaching (see Brewer et 
al., 2011), engage in public outreach and communication (Pace et al., 2010), and participate in 
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interdisciplinary and collaborative research (Whitmer et al., 2010).  Academic departments and 
institutions must strive to emulate the very culture inherent in ecological literacy itself: one that 
embraces trans-disciplinary thought, supports collaboration, and honors diverse pathways toward 
contribution for a better world. 
 
  
Figure 10.  Ecologists‟ contributions toward promoting ecological literacy should be recognized 
and rewarded on par with their contributions toward advancing ecological science. 
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APPENDIX 1.  Survey Instrument 
 
Welcome to the ESA Vice Presidents’ 2007 Survey on Ecological Literacy 
Fellow Ecologists and Educators: 
It is time for our community- professional ecologists and educators of every stripe- to advance a 
vision of ecological literacy that will inspire and guide the urgent work ahead of us in fostering 
environmental citizenship among all Americans.  What are the tools from ecology that every 
American needs for sound citizenship and what are the educational imperatives for a sustainable 
future? 
At the 2007 annual meeting of the Ecological Society of America in San Jose, California, we will 
be hosting a Vice Presidents‟ Summit on Ecological Literacy as an important next step in 
bringing together the voices of ecologists on this vital topic.  The Summit will provide input, 
impetus, and direction to an emerging effort to define and promote ecological literacy, 
culminating in a featured symposium at the 2008 ESA meeting in Milwaukee, Wisconsin.  We 
do not envision developing a static list of standards, but rather a diverse set of compelling and 
dynamic frameworks and concepts comprising the tools people need to think about, understand, 
choose, and act in the environment.  In addition, we will identify the resources- human, material, 
programmatic, and intellectual- that are needed to give all citizens these tools. 
All ecologists and educators passionate about this cause are invited to share what they consider 
to be the most important concepts, skills, dispositions and/or habits of mind for ecological 
literacy and environmental citizenship. 
To participate, please proceed to the next page of this survey.  Your responses will be 
confidential unless you provide your name and contact information (optional).  A summary of 
the responses will be presented during the Summit and in subsequent meetings and publications. 
Please get involved.  If not now, when?  If not us, who? 
Alan R. Berkowitz, Institute of Ecosystem Studies, ESA VP for Education and Human 
Resources, 1995-2000 
Carol A. Brewer, University of Montana, ESA VP for Education and Human Resources, 2000-
2006 
Margaret D. Lowman, New College of Florida, ESA VP for Education and Human Resources, 
2006-2009 
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ESA Vice Presidents’ 2007 Survey on Ecological Literacy 
Background Information 
 
REQUIRED: Please tell us a little about your background. 
Highest Degree:     
Field of Highest Degree:   
Year of Highest Degree:   
Current Position Title:   
 
Current Field/   
Ecological Specialty:  
 
 
REQUIRED: What ecological and/or educational organization(s) are you a member of?  Check all that apply. 
 
 none 
 Ecological Society of America (ESA) 
 North American Association for Environmental Education (NAAEE) 
 Society for Ecological Restoration (SER) 
 Society for Conservation Biology (SCB) 
 National Science Teachers Association (NSTA) 
  National Association for Research in Science Teaching (NARST) 
 Other ecological or education organization(s) (please specify):   
 
 
OPTIONAL: Please provide the following information if you would like to be contacted about your 
responses, or to get involved in future ESA efforts to define and foster ecological literacy. 
 
Name:      
Institution:   
Address:   
City, State, Zip:   
Country:   
Phone:    
Email:     
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ESA Vice Presidents’ 2007 Survey on Ecological Literacy 
Essential Elements of Ecological Literacy 
 
 
Question 1: What are the Essential Elements of ecological literacy? 
 
Please identify up to 5 Essential Elements of ecological literacy.  Be as clear and as specific as possible.  Your 
Elements can be key concepts or understandings, skills, ways of thinking, dispositions, or feelings.  In the next 
section, you will have the option of presenting a Rationale, making your case for why these Elements are essential.  
 
 
What are the top 5 things that every American- high school graduate or adult- should know, feel or be able to 
do to be considered ecologically literate?  Please limit each Essential Element to 15 words. 
 
Essential Element #1:   
Essential Element #2:   
Essential Element #3:   
Essential Element #4:   
Essential Element #5:   
 
 
OPTIONAL: Please present your rationale for why you think these Essential Elements are important (limit: 
50 words). 
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ESA Vice Presidents’ 2007 Survey on Ecological Literacy 
Pathways to Ecological Literacy 
 
 
Question 2: What are the Pathways toward ecological literacy? 
 
Please identify up to 5 Pathways that you think are essential for helping people become ecologically literate.  Your 
Pathways can be teaching techniques, or educational experiences, resources or policies.  In the next section you can 
give a rationale for why these Pathways are important, and an explanation of what they would look like in practice. 
 
 
What are the top 5 pathways that every American- high school graduate or adult- needs in order to become 
ecologically literate?  Please limit each pathway to 25 words. 
 
Pathway #1:     
Pathway #2:    
Pathway #3:    
Pathway #4:    
Pathway #5:    
 
 
 
OPTIONAL: Why are these Pathways important?  What would they look like in practice (limit: 50 words)? 
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ESA Vice Presidents’ 2007 Survey on Ecological Literacy 
Indicators of Ecological Literacy 
 
 
Question 3 (OPTIONAL): What are the Indicators of ecological literacy? 
 
Please identify up to 5 Indicators that would tell you that people are ecologically literate.  An Indicator might be the 
results of an assessment, survey or study revealing people‟s knowledge, skills, actions, or feelings.  In the next 
section you can give a rationale for why these Indicators are important, and an explanation of how the information 
might be obtained. 
 
 
OPTIONAL: What are the top 5 indicators for assessing whether any given American- high school graduate 
or adult- is ecologically literate?  Please limit each indicator to 25 words. 
 
Indicator #1:     
Indicator #2:    
Indicator #3:    
Indicator #4:    
Indicator #5:    
 
 
OPTIONAL: Why are these Indicators important?  How might the information be obtained (limit: 50 
words)? 
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ESA Vice Presidents’ 2007 Survey on Ecological Literacy 
A Framework for Ecological Literacy 
 
 
OPTIONAL: Please share your vision for a comprehensive, overall or integrated framework for ecological 
literacy (250 words or less).  OR, e-mail your thoughts to Alan Berkowitz at berkowitza@ecostudies.org.  
 
 
 
 
 
OPTIONAL: Please share any other thoughts or suggestions you have concerning ecological literacy for all 
Americans.  OR, e-mail your thoughts to Alan Berkowitz at berkowitza@ecostudies.org.  
 
 
 
 
Thank you for completing this survey. 
 
  
 
 
256 
 
APPENDIX 2. Coding schemata 
 
 Separate coding schemata were developed and used to code the responses to each of the 
following prompts/ questions: 
 Please tell us a little about your background. 
o Highest Degree (13 coding variables in 5 general categories, Table 1). 
o Year of Highest Degree (7 coding variables in 2 general categories, Table 2). 
o Field of Highest Degree (62 coding variables in 5 general categories, Table 3). 
o Current Position Title (20 coding variables in 5 general categories, Table 4). 
o Current Field/Ecological Specialty (59 coding variables in 5 general categories, 
Table 5). 
 What are the essential elements of ecological literacy? (65 coding variables in 7 general 
categories, Table 6). 
 What are the essential pathways toward ecological literacy? (35 coding variables in 4 
different aspects, Table 7). 
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Table 1.  Coding schema for Highest Degree (13 coding variables, 5 general categories).   
Coding Variables: Highest Degree General Categories 
   
 
PhD PhD 
 
 
DVM DVM PhD PhD (includes DVM, EdD, MD) 
EdD EdD 
 
 
MD MD 
 
 
   
 
PhD_IP PhD in progress 
 
 
G_IP Graduate degree in progress (unspecified level) IP Degree in Progress 
M_IP Masters in progress 
 
 
B_IP Bachelors in progress 
 
 
   
 
M Masters (MA or MS) M Masters 
   
 
B Bachelors (BA or BS) B Bachelors 
   
 
H High School Diploma 
 
 
A Associate's Degree OTH Other 
NS not specified 
 
 
   
 
 
Table 2.  Coding schema for Year of Highest Degree (7 coding variables, 2 general categories).   
Coding variables General Categories 
  
  
21st 2000+ (includes degrees in progress) 2K+ 2000+ 
  
  
90s 1990-1999   
80s 1980-1989   
70s 1970-1979 Pre-2K 1950- 
60s 1960-1969  1999 
50s 1950-1959*   
NS not specified   
  
  
*Note: includes one response of 1949.   
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Table 3.  Coding schema for Field of Highest Degree (62 coding variables, 5 general categories). 
 
Coding variables: Field of Highest Degree General Catgories 
  
 
(Ecology, not specifically related to humans) 
 
 
ECOL Ecology (not further specified) 
 
 
ECOLEV Ecology & Evolutionary Biology/Evolutionary Ecology 
 
 
PLANTECOL Plant Ecology/Plant Ecophysiolology 
 
 
FORECOL Forest Ecology 
 
 
AQECOL Aquatic Ecology 
 
 
WILDECOL Wildlife and/or Fisheries Ecology/Animal Ecology 
 
 
ECOSECOL Ecosystem/Landscape Ecology 
 
 
MARECOL Marine Ecology 
 
 
BEHAVECOL Behavior Ecology ECOL Ecology 
MODEL Ecological Modeling/Statistical/Computational Ecology 
 
 
PHYSECOL Physiological Ecology/Ecophysiology 
 
 
SOILECOL Soil Ecology 
 
 
POPECOL Population Ecology 
 
 
COMMECOL Community Ecology 
 
 
  
 
  
 
(Ecology, specifically related to humans) 
 
 
HORT Agroecology/Horticulture/Agronomy 
 
 
HUMECOL Human Ecology 
 
 
RESTECOL Restoration Ecology 
 
 
TOX Ecological Toxicology/Ecotoxicology 
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BIO Biology (not further specified) 
 
 
PLANTBIO Plant Biology/Botany 
 
 
ZOO Zoology 
 
 
ENT Entomology 
 
 
WILDBIO Wildlife and or Fisheries Biology/Science 
 
 
MARBIO Marine Biology 
 
 
ENVBIO Environmental Biology BIO Biology 
POPBIO Population Biology 
 
 
ORGBIO Organismal Biology/Physiology 
 
 
MICRO Microbiology 
 
 
EVOBIO Evolutionary Biology 
 
 
GEN Genetics 
 
 
MED Medicine 
 
 
MOLEC Molecular Biology 
 
 
VETMED Veterinary Medicine 
 
 
   
 
 
  
 
ENVSCI Environmental Science (not further specified) 
 
 
GEOG Geography/Biogeography 
 
 
OCEAN Oceanography NATSCI Other Natural  
GEOL Geology/Paleontology 
 
Sciences 
CHEM Chemistry/Biochemistry/Biogeochemistry 
 
 
LIM Limnology 
 
 
   
 
   
 
   
 
   
 
   
 
   
 
260 
 
 
 
 
 
FOR Forestry/Forest Management/Silviculture 
 
 
NATRES Natural Resource Management (not further specified) 
 
 
CONBIO Conservation Biology 
 
 
RANGE Rangeland Management/Ecology NATRES Natural Resource 
ENG Environmental/Civil Engineering 
 
Management/ 
WILDMGT Wildlife Management 
 
Planning/Etc. 
POL Environmental Policy 
 
 
PLAN Environmental/Urban Planning 
 
 
BIOTECH Biotechnology 
 
 
   
 
   
 
EDU Education  
 
 
MATH Mathematics 
 
 
X Not specified 
 
 
ANTH Anthropology 
 
 
ENVSTU Environmental Studies (not further specified) OTHER Other 
ECON Economics 
 
 
LANG Language (e.g., English) 
 
 
HIST History 
 
 
PHYS Physics 
 
 
ART Art 
 
 
BUS Business 
 
 
PHIL Philosophy 
 
 
PSYCH Psychology 
 
 
SOC Sociology 
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Table 4.  Coding schema for Current Position Title (20 coding variables, 5 general categories). 
Coding Variables: Current Position Title General Categories 
  
  
B Bachelor's or HS Student   
M Master's Student   
G Graduate Student (unspecified level) STU  Students 
D Doctoral, Ph.D. Student/Candidate   
  
  
R Professor (full or unspecified level)   
A Associate Professor   
T Assistant Professor PROF  Professors/ 
Y Professor Emeritus  Instructors 
I Instructor/Lecturer/Teacher    
J Adjunct Professor/Faculty   
 
 
  
S Research Scientist/Associate/Consultant (unspecified level)   
P Postdoctoral Researcher/Associate/Fellow RES Researchers 
E Senior, Principal, Chief Scientist/Research Associate    
N Research Technician/Assistant/Intern   
 
 
  
O Director/Chair/Manager/Coordinator/President/Dean ADM   Administrators 
  
  
Z Retired (position unspecified)    
L Planner/Programmer   
U Unemployed OTH   Other 
C Curator/Librarian   
W Writer/Editor/Reporter   
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Table 5.  Coding schema for Current Field/Ecological Specialty (59 coding variables, 5 general categories). 
Coding variables: Current Field/Ecological Specialty 
 
General Categories 
  
  
(Ecology, not specifically related to humans) 
 
  
AQECOL Aquatic Ecology 
 
  
PLANTECOL Plant Ecology/Plant Ecophysiology 
 
  
ECOSECOL Ecosystem/Landscape Ecology 
 
  
WILDECOL Wildlife and/or Fisheries Ecology 
 
  
COMMECOL Community 
 
  
ECOL Ecology (not further specified) 
 
  
FORECOL Forest Ecology 
 
  
ECOLEV Ecology &  Evolutionary Biology/Evolutionary Ecology 
 
  
MARECOL Marine Ecology 
 
  
MODEL Ecological Modeling/Statistical/Computational Ecology 
 
  
BEHAVECOL Behavioral Ecology 
 
ECOL* Ecology 
ENT Insect Ecology/Entomology 
 
  
PLANT-ANIMAL Plant-Animal Interactions 
 
  
POPECOL Population Ecology 
 
  
SOILECOL Soil Ecology 
 
  
TROPECOL Tropical Ecology 
 
  
DISTURBECOL Disturbance Ecology 
 
  
PALEOECOL Paleoecology 
 
  
DISEASEECOL Disease Ecology 
 
  
THEORECOL Theoretical Ecology 
 
  
RARE Rare/Endangered Species Ecology 
 
  
PHYSECOL Physiological Ecology/Ecophysiology (general) 
 
  
MICROBECOL Microbial Ecology 
 
  
GRASSECOL Grassland Ecology 
 
  
DESERTECOL Desert/Arid Land Ecology 
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(Ecology, specifically related to humans) 
 
  
RESTECOL Restoration Ecology 
 
  
HUMECOL Human Ecology 
 
  
INVASECOL Invasive Species Ecology 
 
*Included in ECOL,  
AGROECOL Agroecology 
 
  previous page  
CHANGE Climate Change Ecology 
 
 
RANGE Rangeland Ecology 
 
  
TOX Ecological Toxicology/Ecotoxicology 
 
  
APPECOL Applied Ecology (not further specified) 
 
  
   
  
   
  
IMPACTRISK Ecological/Environmental Impact/Risk Assessment 
 
  
NATRES Natural Resources Management (not further specified) 
 
  
CONBIO Conservation Biology 
 
  
CON Conservation (not further specified) 
 
  
POL Environmental Policy 
 
NATRES Natural Resource 
SUSTAIN Sustainability 
 
 Management/ 
FOR Forestry/Forest Management/Silviculture 
 
 Planning/Etc. 
PLAN Environmental/Urban Planning 
 
  
ENG Environmental/Civil Engineering 
 
  
BIOTECH Biotechnology 
 
  
   
  
   
  
CHEM Chemistry/Biochemistry/Biogeochemistry 
 
  
ENVSCI Environmental Science (not further specified) 
 
NATSCI Other Natural  
LIM Limnology 
 
 Sciences 
GEOG Geography 
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EDU Education 
 
  
X Not specified 
 
  
HIST History 
 
OTH Other 
ENVSTU Environmental Studies (not further specified) 
 
  
OTH Other 
 
  
ADMIN Administration 
 
  
ECON Economics 
 
  
   
  
BIO Biology (not further specified) 
 
  
POPBIO Population Biology 
 
BIO Biology 
MARBIO Marine Biology 
 
  
ZOO Zoology 
 
  
PLANTBIO Plant Biology/Botany 
 
  
   
  
   
  
265 
 
Table 6.  Coding schema for elements of ecological literacy responses (65* coding variables, 7 general categories).  *Note: these 
general categories were used for descriptive purposes only.  Coding variables, not general categories, were used in statistical analysis. 
Coding variable: Elements of Ecological Literacy                                                General categories* 
   
EE Evolution/Natural Selection 
 
EI Interconnectedness/Interactedness of Everything (general) 
 
ES Ecosystem Concept/Dynamics/Functions/Processes 
 
EG Biogeochemical/Nutrient Cycling (general) 
 
EP Population Dynamics/Carrying Cap./Resource Limitation 
 
EX Interactions, Species/Community Interactions 
 
EB Biodiversity/Species Rarity, Abundance 
 
EF Food Webs, Chains/Trophic Cascades 
 
ET Thermodynamics/Energy Flow (general) 
 
EC Carbon Cycle/ Photosynthesis/Respiration 
 
EH Habitat/Biogeography/Distribution and Abundance             E 
EW Water Cycle/Watershed Ecology Concepts  
ED Dynamic/Changing/Stochastic/Probabilistic (not specifically  
EA Adaptation (Physiology)/Life Cycles/Life History Strategies related to humans) 
EZ Scale, Temporal/Spatial 
 
EU Disturbance 
 
EO Organization/Taxonomy/Classification 
 
EQ too vague for further classification  
 
EL Climate/Atmosphere/Weather (not climate change) 
 
ER Nitrogen Cycle 
 
EN Niche 
 
EM Biome 
 
EY Succession 
 
EV Vegetation 
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HN Negative Impacts of Humans (general) on Environment/Ecosystem 
 
HS  Ecosystem Services, Human Dependence on 
 
HC Climate Change/Carbon Emissions 
 
HI  Humans are Interconnected/Part of Ecosystem/Part of Nature 
 
HM Management, Use of Land/Conservation/Restoration 
 
HB Biodiversity Loss/Extinction/Human Dependence on 
 
HF Food for Humans, Sources of/Agriculture Impacts 
 
HE Resources for Humans are Finite, Limited/Overharvesting 
 
HQ Policy, Social Science, Legislation, Voting 
 
HP Population Growth of Humans/Overpopulation  
 
HV Invasive/Introduced Species, Disease 
 
HO Pollution/Biomagnification            H 
HU Sustainability Human Dimensions 
HW Water, Human Dependence on/Impacts on 
 
HY Energy Production for Humans (specifically related  
HL Lifestyle, Impacts of/Consumerism to humans) 
HR Reduce/Reuse/Recycle, "Go Green" 
 
HH Habitat Loss/Fragmentation 
 
HX Ecological Footprint 
 
HA Human Waste, Fate of/Trash/Sewage 
 
HZ Evolution, Human Manipulation of (GMOs) 
 
HG Biogeochemical Cycles, Human Impacts on 
 
HD Direct Experience/Spending Time Outdoors 
 
HT Stewardship 
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SS Scientific Method/Inquiry/Process 
 
SE  Ecology, Definition of/What is Ecology? 
 
SC Critical Thinking 
 
SR Reading/ Communicating Scientific Information            S 
SU Uncertainty, Role of/Probability/Statistics Skills/Nature of  
SV Ecology Versus Environmentalism/Advocacy Ecological Science 
SY Systems Thinking 
 
SM Media, Critical Evaluation of/Issues/Newspapers 
 
   
AA Appreciation/Awe/Respect/Compassion 
 
AR  Responsibility/Ownership/Empowerment     A 
AC Curiosity/Interest/Motivation to Learn Affect 
AP Feel Part of Nature/Interconnected 
 
  
 
             I 
I I.D./Knowledge of Local Plants, Animals/Natural History Local Natural History 
  
  
SH Chemistry 
 
SB Biology 
 
SP Physics Other Subjects 
SA Arts/Philosophy 
 
  
 
            X 
X nonsense answer* Nonsense Answer 
 
*Note:  The code “X” was used to code items non-interpretable items within a response that otherwise contained meaningful items. 
             However, this code was not included in the analyses.  Only the other 65 variables were included in the analyses. 
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Table 7.  Coding schema for pathways toward ecological literacy responses (35* coding variables, 4 general categories). 
Sector 
      
Action 
 
E Education (formal, schools) 
   
B Debate, discussion, translation, communication, writing 
R Religion 
     
A Applied, hands-on, case studies, projects, problem solving 
M Media - internet, broadcast, paper 
  
O Outside, experience, access, field trips 
I Informal education - museums, zoos, nature centers 
 
L Labs, inquiries, experiments, research 
X Government - policies, decision makers, managers, agencies V Volunteering, service, activism, internship 
8 unspecified* 
    
G Guided or interpreted interaction with experts 
       
F Farm, sewage plants, dumps, incinerator visits 
Target 
      
C Course, class, lecture, curriculum, instruction 
S Scientists 
     
Z Critical thinking,  
U University, college 
    
Q Quantitative - calculations, modeling, simulations, diagramming 
K K-12 students 
    
J Real world examples, making relevant 
Y Youth, elementary students 
   
1 Reading, viewing, listening 
H High school students 
    
2 Green activities 
D Adults 
     
3 Identification, collection 
T Teachers 
     
4 Workshops 
P Parents, families 
    
5 Interpretive displays or booths 
N General Public, Communities, Citizens 
  
6 Exclusion of religion 
W Politicians 
    
8 unspecified* 
7 Students (unspecified level) 
     
8 unspecified* 
     
      
Promoter 
      
       ^            Required, mandated, policy 
      
       $            Funding, financial incentive, taxation 
       
*Note:  The code “8” was used as a place-holder for when a respondent did not specify a Sector, Target, and/or Action in his or her response. 
             However, this code was not included in the analyses.  Only the other 35 variables were included in the analyses. 
269 
 
Appendix 3. 
KMO, Bartlett‟s tests, and scree plots of binary-coded elements and pathways responses for 
intermediate and final factor solutions 
 
Tables 1a and b. KMO and Bartlett‟s Test of binary-coded elements responses for intermediate 
and final factor solutions.   
 
a. Intermediate 
Test Test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .638 
Bartlett's Test of Sphericity Approx. Chi-Square 2149.452 
df 406 
Sig. .000 
 
b. Final  
 
Test Test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .642 
Bartlett's Test of Sphericity Approx. Chi-Square 2003.916 
df 325 
Sig. .000 
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Figures 1a and b.  Scree plots of binomial-coded elements responses for: a) intermediate, and b) 
final factor solutions.  Arrows and dashed lines indicate points of inflection used to estimate 
number of factors for extraction.   
a. Intermediate 
b. Final 
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Tables 2a-c.  KMO and Bartlett‟s Test of binary-coded pathways responses for first 
intermediate, second intermediate, and final factor solutions.   
 
a.  First intermediate  
Test Test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .647 
Bartlett's Test of Sphericity Approx. Chi-Square 3421.584 
df 171 
Sig. .000 
 
 
b.  Second intermediate 
 
Test Test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .636 
Bartlett's Test of Sphericity Approx. Chi-Square 3311.813 
df 153 
Sig. .000 
 
c.  Final  
 
Test Test value 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .646 
Bartlett's Test of Sphericity Approx. Chi-Square 3193.293 
df 136 
Sig. .000 
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a.  First intermediate 
a.  Second intermediate 
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Figures 2 a, b, c.  Scree plots of binomial-coded pathways responses for: a) first intermediate, b) 
second intermediate, and c) final factor solutions.  Arrows and dashed lines indicate points of 
inflection used to estimate number of factors for extraction.   
 
  
c.  Final 
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APPENDIX 4.   
Split-file validation of final elements and pathways factor solutions  
 
 
Table 1a.  Final varimax-rotated factor solution for binary-coded elements responses, cases with 
even Respondent I.D. Number only (518 total respondents).  Factor loadings less than 0.3 have 
been suppressed to allow for easier viewing of the matrix. 
 Factor 
 1 2 3 4 5 6 
HF: Food for Humans, Sources of/Agriculture Impacts .736      
HA: Waste, Fate of/Trash/Sewage .636      
HY: Energy Production for Humans .591      
HW: Water, Human Dependence on/Impacts on .563      
HX: Ecological Footprint .464      
EC: Carbon Cycle/Photosynthesis/Respiration  .761     
EW: Water Cycle/Watershed  .671     
ER: Nitrogen Cycle  .649     
EG: Biogeochemical/Nutrient Cycling (general)  .507     
HH: Habitat Loss/Fragmentation   .700    
HB: Biodiversity Loss/Extinction/Human Dependence on   .647    
HG: Biogeochemical Cycles, Human Impacts on   .596    
HC: Climate Change/Carbon Emissions   .501    
HV: Invasive/Introduced Species, Disease   .404    
SM: Media, Critical Evaluation of/Issues/Newspapers    .738   
SC: Critical Thinking    .627   
SR: Reading/Communicating Scientific Information    .551   
SU: Uncertainty, Role of/Probability/Statistics     .598  
SS: Scientific Method/Inquiry/Process     .576  
SE: Ecology, Definition of/What is Ecology?     .507  
EU: Disturbance    .320   
EF: Food Webs, Chains/Trophic Cascades       
EM: Biome      .601 
EH: Habitat/Biogeography/Distribution and Abundance      .532 
EN: Niche      .523 
EY: Succession    .366  .463 
Eigenvalues 1.962 1.903 1.788 1.603 1.591 1.415 
% of variance 7.6 7.3 6.9 6.2 6.2 5.4 
Total variance accounted for by rotated factors: 39.6%       
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Table 1b.  Final varimax-rotated factor solution for binary-coded elements responses, cases with 
odd Respondent I.D. Number only (514 total respondents).  Factor loadings less than 0.3 have 
been suppressed to allow for easier viewing of the matrix. 
 Factor 
 1 2 3 4 5 6 
EC: Carbon Cycle/Photosynthesis/Respiration .770      
ER: Nitrogen Cycle .711      
EW: Water Cycle/Watershed .636      
EG: Biogeochemical/Nutrient Cycling (general) .530      
EF: Food Webs, Chains/Trophic Cascades .511      
HW: Water, Human Dependence on/Impacts on  .704     
HY: Energy Production for Humans  .691     
HF: Food for Humans, Sources of/Agriculture Impacts  .655     
HA: Waste, Fate of/Trash/Sewage  .505     
HG: Biogeochemical Cycles, Human Impacts on       
SM: Media, Critical Evaluation of/Issues/Newspapers   .720    
SC: Critical Thinking   .713    
SR: Reading/Communicating Scientific Information   .624    
SS: Scientific Method/Inquiry/Process   .414    
SE: Ecology, Definition of/What is Ecology?   .327    
HV: Invasive/Introduced Species, Disease    .685   
HB: Biodiversity Loss/Extinction/Human Dependence on    .597   
HH: Habitat Loss/Fragmentation    .585   
HC: Climate Change/Carbon Emissions    .578   
EY: Succession     .670  
EU: Disturbance     .615  
SU: Uncertainty, Role of/Probability/Statistics      .304 
EN: Niche     .353  
EH: Habitat/Biogeography/Distribution and Abundance      .650 
EM: Biome      .613 
HX: Ecological Footprint       
Eigenvalues: 2.143 1.877 1.824 1.604 1.380 1.278 
% of variance: 8.2% 7.2% 7.0% 6.2% 5.3% 4.9% 
Total variance accounted for by rotated factors: 38.8%       
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Table 2a.  Final varimax-rotated factor solution for binary-coded pathways responses, cases with 
even Respondent I.D. Number only (460 total responses).  Factor loadings less than 0.3 have 
been suppressed to allow for easier viewing of the matrix. 
 Factor 
 1 2 3 4 5 
M: Media (TV, Internet, Newspaper, etc.) .949     
N: Communities/Citizens/General Public .901     
1: Reading/Viewing/Listening .866     
X: Government  .794    
$: Funding/Financial Incentive/Taxing  .785    
2: Green Activities (e.g., Recycling, Conserving Energy)  .618    
H: High School Students   .727   
C: Course/Class/Lecture/Curriculum/Instruction   .662   
U: University, College Students   .497   
Y: Youth/Elementary Students   .488   
D: Adults      
7: Students (unspecified level)    .671  
O: Outside Experience, Access/Field Trips    .661  
G: Guided, Interpreted Interaction w Experts    .524 .308 
L: Labs/Inquiries/Experiments/Research    .518  
S: Scientists     .784 
B: Debate/Discussion/Translation/Communication     .699 
Eigenvalues: 2.557 1.722 1.606 1.581 1.320 
% of variance: 15.0% 10.1% 9.5% 9.3% 7.8% 
Total variance explained by rotated factors: 51.7%      
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Table 2b.  Final varimax-rotated factor solution for binary-coded pathways responses, cases with 
odd Respondent ID Number only (445 total responses).  Factor loadings less than 0.3 have been 
suppressed to allow for easier viewing of the matrix. 
 Factor 
 1 2 3 4 5 
M: Media (TV, Internet, Newspaper, etc.) .940     
N: Communities/Citizens/General Public .920     
1: Reading/Viewing/Listening .888     
H: High School Students  .661    
U: University, College Students  .586    
C: Course/Class/Lecture/Curriculum/Instruction  .572    
D: Adults  .540    
Y: Youth/Elementary Students  .479    
$: Funding/Financial Incentive/Taxing   .822   
X: Government   .790   
2: Green Activities (e.g., Recycling, Conserving Energy)   .519   
B: Debate/Discussion/Translation/Communication    .840  
S: Scientists    .819  
7: Students (unspecified level)     .663 
O: Outside Experience, Access/Field Trips     .661 
L: Labs/Inquiries/Experiments/Research     .436 
G: Guided, Interpreted Interaction w Experts     .429 
Eigenvalues: 2.622 1.755 1.614 1.526 1.475 
% of variance: 15.4% 10.3% 9.5% 9.0% 8.7% 
Total variance accounted for by rotated factors: 52.9%      
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APPENDIX 5.   
Split-file validation of final elements and pathways cluster solutions 
Table 1a.  Final cluster solution for elements responses, all cases (n = 1032). 
 Cluster 
 1 2 3 4 
Factor 1.  Cycles and Webs -.280 -.235 -.078 .895 
Factor 2.  Ecosystem Services -.008 -.026 -.029 .052 
Factor 3.  Negative Human Impacts -.392 -.168 -.138 1.241 
Factor 4. Critical Thinking and Application -.190 3.334 -.203 -.085 
Factor 5. Nature of Ecological Science .006 .823 -.114 -.114 
Factor 6. Biogeography -.390 -.163 1.713 -.330 
Number of respondents in each cluster       589 50 180 213 
% of respondents (n = 1032) 57.1% 4.5% 17.4% 20.6% 
 
Table 1b.  Final cluster solution for elements responses, cases with even Respondent I.D. numbers only (n = 517). 
 Cluster 
 1 2 3 4 
Factor 1.  Cycles and Webs .71 -.36 -.07 -.06 
Factor 2.  Ecosystem Services -.19 -.25 2.89 -.06 
Factor 3.  Negative Human Impacts -.20 .01 .13 -.07 
Factor 4. Critical Thinking and Application -.14 -.10 -.09 4.90 
Factor 5. Nature of Ecological Science .59 -.17 -.11 .05 
Factor 6. Biogeography .97 -.33 -.24 .21 
Number of respondents in each cluster       124 338 42 13 
% of respondents (n = 517) 24.0% 65.4% 8.1% 2.5% 
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Table 1c.  Final cluster solution for elements responses, cases with odd Respondent I.D. numbers only (n = 515). 
 
 Cluster 
 1 2 3 4 
Factor 1.  Cycles and Webs -.30 .02 1.30 -.24 
Factor 2.  Ecosystem Services -.17 .04 -.12 .03 
Factor 3.  Negative Human Impacts -.24 -.13 1.41 -.32 
Factor 4. Critical Thinking and Application 1.36 -.10 -.08 -.27 
Factor 5. Nature of Ecological Science 1.71 -.37 -.06 -.29 
Factor 6. Biogeography -.23 1.91 -.23 -.39 
Number of respondents in each cluster       60 76 93 286 
% of respondents (n = 515) 11.7% 14.8% 18.1% 55.5% 
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Table 1d.  Cross-tabulation to determine degree of association between elements cluster solution based on whole sample versus even 
half of sample.  Respondents who were categorized into the same cluster in both analyses are in bold. 
 Elements clusters based on even half of sample  
 1 2 3 4 Total 
Elements clusters based on whole sample                  1 26 249 26 0 301 
2 4 9 1 13 27 
3 64 24 3 0 91 
4 30 56 12 0 98 
Total 124 338 42 13 517 
 
%  stability = sum (different cluster) / total sample size = 179/517 = 34.6% 
 
Table 1e.  Cross-tabulation to determine degree of association between elements cluster solution based on whole sample versus odd 
half of sample.  Respondents who were categorized into the same cluster between both analyses are in bold. 
 Elements clusters based on odd half of sample  
 1 2 3 4 Total 
Elements clusters based on whole sample                  1 33 0 0 255 288 
2 23 0 0 0 23 
3 1 76 0 12 89 
4 3 0 93 19 115 
Total 60 76 93 286 515 
 
% stability = sum (different cluster) / total sample size = 68 / 515 = 13.2%.  Average % stability = 247 / 1032 = 23.9%. 
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Table 2a.  Final cluster solution for pathways responses, all cases (n = 905). 
 Cluster 
 1 2 3 4 
Factor 1.  Education by Mass Media .127 .061 .084 -.058 
Factor 2.  Formal/Traditional Education 1.396 .342 -.009 -.501 
Factor 3.  Financial Incentive -.260 .041 2.894 -.257 
Factor 4.  Participatory/Interactive Education -.322 .378 -.069 .084 
Factor 5. Communication/Outreach by Scientists -.348 3.279 -.133 -.158 
Number of respondents in each cluster 198 52 69 586 
% of respondents (n = 905) 21.9% 5.8% 7.6% 64.8% 
 
Table 2b.  Final cluster solution for pathways responses, cases with even Respondent I.D. numbers only (n = 445). 
 Cluster 
 1 2 3 4 
Factor 1.  Education by Mass Media -.11 .16 .26 .07 
Factor 2.  Formal/Traditional Education -.54 1.47 .13 -.11 
Factor 3.  Financial Incentive -.23 -.25 .05 3.18 
Factor 4.  Participatory/Interactive Education -.02 -.26 .54 -.18 
Factor 5. Communication/Outreach by Scientists -.16 -.36 2.86 -.19 
Number of respondents in each cluster 297 83 33 32 
% of respondents (n = 445) 66.7% 18.7% 7.4% 7.2% 
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Table 2c.  Final cluster solution for pathways responses, cases with odd Respondent I.D. numbers only (n = 460). 
 Cluster 
 1 2 3 4 
Factor 1.  Education by Mass Media .11 -.22 -.06 .22 
Factor 2.  Formal/Traditional Education .09 .62 -.45 1.30 
Factor 3.  Financial Incentive 2.73 -.15 -.29 -2.2 
Factor 4.  Participatory/Interactive Education .03 .06 .23 -.44 
Factor 5. Communication/Outreach by Scientists .02 3.77 -.17 -.34 
Number of respondents in each cluster 36 20 288 116 
% of respondents (n = 460) 7.8% 4.4% 62.6% 25.2% 
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Table 2d.  Cross-tabulation to determine degree of association between pathways cluster solution based on whole sample versus even 
half of sample.  Respondents who were categorized into the same cluster in both analyses are in bold. 
 Pathways clusters based on even half of sample  
 1 2 3 4 Total 
Pathways clusters based on whole sample                  1 2 82 0 0 84 
2 0 0 30 0 30 
3 1 1 0 32 34 
4 294 0 3 0 297 
Total 297 83 33 32 445 
 
%  stability = sum (different cluster) / total sample size = 7/445 = 1.6%. 
 
Table 2e.  Cross-tabulation to determine degree of association between elements cluster solution based on whole sample versus odd 
half of sample.  Respondents who were categorized into the same cluster between both analyses are in bold. 
 Pathways clusters based on odd half of sample  
 1 2 3 4 Total 
Pathways clusters based on whole sample                  1 0 0 4 110 114 
2 1 20 1 0 22 
3 35 0 0 0 35 
4 0 0 283 6 289 
Total 36 20 288 116 460 
 
% stability = sum (different cluster) / total sample size = 12/460.  Average % stability = 19/905 = 2.1%. 
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APPENDIX 6. 
Demographic profiles of survey respondents. 
 
Table 1.  Highest Degree (n = 1032). 
 
Highest Degree Count (%) 
   
Doctoral Degree 701 (67.9) 
          PhD 698 (67.6) 
          DVM 1 (0.1) 
          EdD 1 (0.1) 
          MD 1 (0.1) 
   
Degree in Progress 165 (16.0) 
          PhD in progress 95 (9.2) 
          Graduate degree (unspecified level) 66 (6.4) 
          Masters in progress 2 (0.2) 
          Bachelors in progress 2 (0.2) 
   
Masters (MA or MS) 118 (11.4) 
   
Bachelors (BA or BS) 44 (4.3) 
   
Other 4 (0.4) 
          High School Diploma 2 (0.2) 
          Associate's Degree 1 (0.1) 
          not specified 1 (0.1) 
   
Total: 1032 (100) 
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Table 2. Year of Highest Degree (n = 1032). 
 
Year of Highest Degree Count (%) 
   
2000+ (includes degrees in progress) 452 (43.8) 
   
Pre-2000 580 (56.2) 
          1990-1999 226 (21.9) 
          1980-1989 183 (17.7) 
          1970-1979 124 (12.0) 
          1960-1969 36 (3.5) 
          1950-1959* 10 (1.0) 
          not specified 1 (0.1) 
   
Total: 1032 (100) 
286 
 
Table 3.   Field of Highest Degree (n = 1032). 
 
Field of Highest Degree Count (%) 
  
 
Ecology  437 (42.3) 
          Ecology (not further specified) 226  
          Ecology & Evolutionary Biology/Evolutionary Ecology 49  
          Plant Ecology/Plant Ecophysiolology 38  
          Forest Ecology 25  
          Aquatic Ecology 24  
          Wildlife and/or Fisheries Ecology/Animal Ecology 19  
          Ecosystem/Landscape Ecology 11  
          Marine Ecology 6  
          Behavior Ecology 5  
          Ecological Modeling/Statistical/Computational Ecology 5  
          Physiological Ecology/Ecophysiology 5  
          Soil Ecology 5  
          Population Ecology 2  
          Community Ecology 1  
  
 
          (specifically related to humans) 
 
 
          Agroecology/Horticulture/Agronomy 5  
          Human Ecology 4  
          Restoration Ecology 4  
          Ecological Toxicology/Ecotoxicology 3  
  
 
Biology 373 (36.1) 
          Biology (not further specified) 172  
          Plant Biology/Botany 70  
          Zoology 67  
          Entomology 19  
          Wildlife and or Fisheries Biology/Science 16  
          Marine Biology 6  
          Environmental Biology 5  
          Population Biology 5  
          Organismal Biology/Physiology 4  
          Microbiology 3  
          Evolutionary Biology 2  
          Genetics 1  
          Medicine 1  
          Molecular Biology 1  
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          Veterinary Medicine 1  
  
 
Other Natural Sciences 94 (9.1) 
          Environmental Science (not further specified) 45  
          Geography/Biogeography 13  
          Oceanography 12  
          Geology/Paleontology 9  
          Chemistry/Biochemistry/Biogeochemistry 8  
          Limnology 7  
  
 
Natural Resource Management/Planning/Etc. 79 (7.7) 
          Forestry/Forest Management/Silviculture 21  
          Natural Resource Management (not further specified) 18  
          Conservation Biology 11  
          Rangeland Management/Ecology 8  
          Environmental/Civil Engineering 6  
          Wildlife Management 6  
          Environmental Policy 5  
          Environmental/Urban Planning 3  
          Biotechnology 1  
  
 
Other 49 (4.8) 
          Education  7  
          Mathematics 7  
          Not specified 7  
          Anthropology 5  
          Environmental Studies (not further specified) 5  
          Economics 4  
          Language (e.g., English) 4  
          History 3  
          Physics 2  
          Art 1  
          Business 1  
          Philosophy 1  
          Psychology 1  
          Sociology 1  
  
 
Total: 1032 (100) 
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Table 4.  Current Position Title (n = 1032). 
 
Current Position Title Count (%) 
 
  
Professor/Instructor 400 (38.8) 
          Professor (full or unspecified level) 163 (15.8) 
          Associate Professor 95 (9.2) 
          Assistant Professor 88 (8.5) 
          Professor Emeritus 24 (2.3) 
          Instructor/Lecturer/Teacher  23 (2.2) 
          Adjunct Professor/Faculty 7 (0.7) 
 
  
Researcher 319 (30.9) 
          Research Scientist/Associate/Consultant (unspecified level) 193 (18.7) 
          Postdoctoral Researcher/Associate/Fellow 65 (6.3) 
          Senior, Principal, Chief Scientist/Research Associate  44 (4.3) 
          Research Technician/Assistant/Intern 17 (1.6) 
 
  
Student 165 (16.0) 
          Doctoral, Ph.D. Student/Candidate 95 (9.2) 
          Graduate Student (unspecified level) 66 (6.4) 
          Master's Student 2 (0.2) 
          Bachelor's or HS Student 2 (0.2) 
 
  
Administrator (Director/Chair/Manager/Coordinator/President/Dean) 106 (10.3) 
 
  
Other 42 (4.1) 
          Retired (previous position unspecified)  22 (2.1) 
          Planner/Programmer 7 (0.7) 
          Unemployed 7 (0.7) 
          Curator/Librarian 3 (0.3) 
          Writer/Editor/Reporter 3 (0.3) 
 
  
Total: 1032 (100) 
 
Table 5.  Current Field/Ecological Specialty (n = 1032). 
 
Current Field/Ecological Specialty Count (%) 
  
 
Ecology 783 (75.9) 
          Aquatic Ecology 104  
          Plant Ecology/Plant Ecophysiology 74  
          Ecosystem/Landscape Ecology 67  
          Wildlife and/or Fisheries Ecology 63  
          Community 46  
          Ecology (not further specified) 39  
          Forest Ecology 36  
          Ecology &  Evolutionary Biology/Evolutionary Ecology 33  
          Marine Ecology 33  
          Ecological Modeling/Statistical/Computational Ecology 32  
          Behavioral Ecology 24  
          Insect Ecology/Entomology 17  
          Plant-Animal Interactions 14  
          Population Ecology 14  
          Soil Ecology 13  
          Tropical Ecology 13  
          Disturbance Ecology 10  
          Paleoecology 10  
          Disease Ecology 8  
          Theoretical Ecology 7  
          Rare/Endangered Species Ecology 6  
          Physiological Ecology/Ecophysiology (general) 5  
          Microbial Ecology 5  
          Grassland Ecology 4  
          Desert/Arid Land Ecology 3  
  
 
Ecology (specifically related to humans) 
 
 
          Restoration Ecology 33  
          Human Ecology 15  
          Invasive Species Ecology 15  
          Agroecology 13  
          Climate Change Ecology 11  
          Rangeland Ecology 7  
          Ecological Toxicology/Ecotoxicology 6  
          Applied Ecology (not further specified) 3  
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Natural Resource Management/Planning/Etc. 122 (11.8) 
          Ecological/Environmental Impact/Risk Assessment 30  
          Natural Resources Management (not further specified) 24  
          Conservation Biology 21  
          Conservation (not further specified) 17  
          Environmental Policy 9  
          Sustainability 6  
          Forestry/Forest Management/Silviculture 5  
          Environmental/Urban Planning 5  
          Environmental/Civil Engineering 4  
          Biotechnology 1  
  
 
Other Natural Sciences 52 (5.0) 
          Chemistry/Biochemistry/Biogeochemistry 21  
          Environmental Science (not further specified) 18  
          Limnology 7  
          Geography 6  
  
 
Other 50 (4.9) 
          Education 24  
          Not specified 8  
          History 5  
          Environmental Studies (not further specified) 4  
          Other 4  
          Administration 3  
          Economics 2  
  
 
Biology 25 (2.4) 
          Biology (not further specified) 5  
          Population Biology 4  
          Marine Biology 3  
          Zoology 3  
          Plant Biology/Botany 10  
  
 
Total: 1032 (100) 
 
 
 
 
